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The pollution of coastal ecosystems as a result of
petroleum-related activities is increasing, and the litera-
ture on occurrence, levels and seasonal dynamics of
petroleum hydrocarbons in sediments and biota from
the impacted areas of the Niger Delta, Nigeria, is pra-
ctically scanty. This study was set out to provide
information on the status of contamination by petro-
leum hydrocarbons in Tympanotonus fuscatus var.
radula and sediments from Qua Iboe Estuary, Nigeria.
Analyses for total petroleum hydrocarbons (TPHs)
were performed on Tympanotonus fuscatus var. radula
and sediment extracts using gas chromatograph with
flame ionization detector (GC-FID). Seventy-two sam-
ples each of mangrove epipellic (intertidal) and benthic
(subtidal) sediments, and 7. fuscatus var. radula were
analysed monthly between June 2003 and February
2004, covering peak periods of the wet and dry sea-
sons. Results revealed that the TPHs level in sedi-
ments and 7. fuscatus were highly variable. It ranged
between 18.01+0.04 and 210.23 +1.18 ug g™ dry wt
of epipellic sediment, 5.00£0.82 and 232.00 £
3.23 ug g dry wt of benthic sediment and 9.40 + 1.0
and 23.27 £1.0 ug g dry wt of T. fuscatus. Summary
continuous descriptives and correlation analyses re-
vealed that TPH levels of the epipellic and benthic
sediments showed a significant relation (r = 0.54, CI =
0.18-0.78), and correlated with levels in T. fuscatus.
The overall levels of TPHs in the Qua Iboe Estuary
when compared to similar ecosystems with substantial
industrial and domestic coastal activities worldwide,
revealed a moderate to high level of mineral hydro-
carbon pollution.

Keywords: Estuary, petroleum hydrocarbons, sediment,
Tympanotonus fuscatus.

IN recent times, contamination of the environment by petro-
leum hydrocarbons is potentially widespread because
modern society uses so many petroleum-based products
(for example, gasoline, kerosene, fuel oil, mineral oil and
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asphalt). Hydrocarbons are quantitatively the most impor-
tant constituents of petroleum, and arise from natural as
well as anthropogenic sources'”. Human-mediated sources
of petroleum hydrocarbons include offshore oil production,
marine transportation, atmospheric or aerial depositions
from combustion of coal and gas flaring, direct ocean
dumping, coastal, municipal and industrial wastes, and run-
off’. However, among the anthropogenic sources, point
discharges, contamination by urban run-offs, refineries
and other coastal effluents are in aggregate substantial and
are important in causing local, chronic pollution in the
vicinity of estuaries, creeks, harbours and coastal settle-
ments”,

Studies of the accidental and intentional releases of
petroleum-based products to the aquatic environment in-
dicate that aquatic organisms are able to bioaccumulate
some total petroleum hydrocarbon (TPH) fractions, parti-
cularly polycyclic aromatic hydrocarbons™®. Petroleum
hydrocarbons are among the most common contaminants
bound to estuarine sediments™®’. These substances, mostly
of organic origin, may be deleterious to aquatic plants
and animals. Where the spilled petroleum washes up onto
beaches or shorelines, there may be short-term damage to
fish and wildlife, as well as impacts to recreational use of
shoreline or riparian areas for human swimming or fishing.
Some heavier petroleum fractions are capable of accumu-
lating in environmental substrates. This can lead to stress
on bentho-pelagic organismsg. The effects of hydrocarbon-
laden sediments on flatfish tissue and the fish itself, parti-
cularly the juvenile stage have been reported by Moles
and Norcoss’.

Sediment contamination in estuaries needs to be pro-
perly and fully assessed. Therefore, in assessing and moni-
toring aquatic environments for hydrocarbons, it becomes
necessary to adopt biological'® and sediments assays™'’.
Recent studies have revealed the use of biological indica-
tors such as algae'>'?, nearshore sediments, bivalves and
fish'*'®. Aquatic assessment using the shellfish Tympa-
notonus fuscatus is rare, and considering its general con-
sumption in the Niger Delta region, Nigeria, investigation
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using it as an indicator of pollution is warranted. 7. fusca-
tus routinely filter large quantities of sea water in their
feeding processes and as a result may harbour pathogenic
bacteria, viruses and accumulate hydrocarbons and dioxins,
which are readily taken up by marine fauna, through in-
gested sediment particles, food and absorption across the
biomembranes'®. Recent studies have reported incidents
of oil spills from offshore production platforms of oil
companies located in the study area®'>'®, which resulted
in enhanced levels of petroleum hydrocarbons in seafoods
and sediments®?’,

The present study provides reference information on
the levels of TPH in sediments and a commercially benthic
organism, 7. fuscatus var. radula (periwinkle) obtained
from the ecosystem. It has been designed to provide the
baseline data required for formulation of regulations regard-
ing managed discharges, and for optimizing environmental
assessment and monitoring programme for the estuary
system as well as the coastal ecozone of the Niger Delta.

Materials and methods
Study area

The Qua Iboe Estuary is a mesotidal palustrine ecotone of
the parent river, Qua Iboe River. It is a major and com-
mercially important hydrographic feature in the Niger

Delta. The estuary is characterized by fine psammitic
beaches, fringed with tidal mudflats and mangrove
swamps. It lies within lat. 4°30'-4°45'N and long. 7°30"-
8°45’E on the southeastern coastline of Nigeria (Figure
1). Like other estuaries located in the region, the Qua
Iboe Estuary experiences great fluctuations in salinity
between the wet and dry seasons®'. The estuary with its
associated creeks constitutes a rich assemblage of fluvial
ecohydrological biotopes, dominated mainly by vast
intertidal mangroves and Nypa forested wetlands. The
estuary is under the constant influence of petroleum
exploration and exploitation activities, and the use of
icthyocides by the local fishermen. Qua Iboe Light crude
oil is produced from numerous offshore fields in the
Bight of Bonny, which is brought to the shore through
seabed pipeline system to the Qua Iboe Terminal. The
terminal (4°20'N, 7°59’E) is located on the eastern side of
the Qua Iboe Estuary and contains nine crude oil storage
tanks, with a total capacity of 4.5 million barrels
(m bbls). Vessels are loaded from this tank farm.

The estuary area and parts of the coastal fronts of the
Niger Delta are densely populated and have witnessed
substantial increase in industrial and agricultural activi-
ties in the past four decades, resulting in direct discharge
of organic/inorganic substances (including crude oil and
refined petroleum products) into the open waters through
effluents, sabotage to oil installation facilities and
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Figure 1.
Upenekang. (Inset) Map of Nigeria showing the study area.
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Qua Iboe Estuary (Niger Delta) with sampling locations at Iwo-Okpom, Mkpanak and
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operational failures. In the present study, three stations
were selected within the Qua Iboe Estuary — Iwo-Okpom
(IWM), Mkpanak (MPK) and Upenekang (UKG). A total
of three sub-stations were selected within each station.
The estuary is surrounded by sparse mangrove vegetation,
with dense vegetation dominating only the MPK station.
In addition, a large number of small tributary creeks flow
into the MPK and UKG stations. The stations were se-
lected due to concerns raised by the local residents, and
the local and state governments over incessant oil spills,
illegal dumping of untreated wastewaters from on- and
offshore oil facilities, storm-water pollution, and other
activities from the upstream reaches of the ecosystem.
During this study, a case of spillage occurred on 22
November 2003 during which an unquantified amount of
crude oil from a leakage tank farm facility spilled into the
environment®'%,

Sampling strategy

Sediments and 7. fuscatus var. radula (West African mud
creeper) samples were collected monthly between June
and September 2003 (wet season), and November 2003
and February 2004 (dry season) from the designated sta-
tions. The sediments (intertidal and subtidal) and bio-
specimens were collected at the same time from the same
locations for better comparison of sediment contamination
with uptake by T fuscatus var. radula.

Sediment sampling and treatment

Intertidal sediment samples were collected using a 0.065 m
diameter corer to a depth of 0.1 m. Subtidal samples were
obtained using a modified Van veen grab sampler
(0.1 m?). Sediment samples were stored in clean, well-
labelled glass bottles at 4°C until further analyses™. In
the laboratory, sediment samples were oven-dried in petri
dishes at 80°C for two days, ground into powder and
sieved using a 2 mm mesh sieve to remove coarse sub-
stances. The sieved samples were crushed and triplicates
homogenized to obtain the respective composites. Pre-
cisely, 50.0 g of each homogenized sediment sample was
weighed and spiked with an internal standard (Cj,-
alkane)”.

Biospecimen sampling and treatments

Samples of T. fuscatus var. radula of variable lengths
(3598 mm) were randomly collected by local fishermen
within the designated stations. Shellfish which are common
in the area were collected and wrapped in sterile alumin-
ium foil, and immediately stored in ice-packed coolers
before being taken to the laboratory for pre-treatment and
analysis. Fleshy tissues of each T. fuscatus var. radula
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were removed from the shell with the help of a clean,
sterile, steel pin. Prior to analysis, 1 g of each sample was
homogenized in a mortar with 2 g Na,SO, and the homo-
genate was transferred to a column for extraction.

Determination of total petroleum hydrocarbons

Samples of T. fuscatus var. radula, intertidal and subtidal
sediments collected for TPH analyses were serially
extracted with 100 ml methyl isobutyl ketone, Analar
grade and the extracts were allowed to settle. Each extract
was centrifuged for 5 min and decanted. The volumes of
the supernatant were reduced to about 5 ml over a rotary
evaporator maintained at 20°C. For the determination of
total hydrocarbon content, a gas chromatograph with
flame ionization detector was employed, using 1 pl aliquot
of each extract. The total peaks obtained were converted
to weight using hydrocarbon standard calibration?*. Du-
plicates and method blanks were treated identically using
the same reagents to test for the precision, accuracy and
reagent purity used in the analytical procedures.

Statistical analysis

Correlation analyses, Box-and-Whiskers plots, compara-
tive and continuous summary descriptives of data were
performed using Analyse-It + General 1.73 statistical
software, with level of significance maintained at 95% for
each test. ANOVA and linear regression of data were per-
formed using Statgraphics Centurion VI software, with
level of significance maintained at 95% for each test.

Results and discussion
TPH concentrations in sediments and biota

The monthly concentrations of TPH in intertidal and ben-
thic sediments, and in 7. fuscatus are summarized in
Table 1. In the intertidal (epipellic) sediment, the sea-
sonal concentrations ranged between 18.01 £0.04 and
172.00 + 0.02 mg kg 'dry wt during the wet season,
while a range 37.74 +0.20-210.23 + 1.18 mg kg dry wt
was obtained during the dry season (Table 1). Benthic
sediment samples, however, had lower values, especially
during the wet season, ranging between 5.00 £ 0.82 and
28.12 + 1.10 mg kg™ dry wt (Table 1).

The Box—and-Whiskers plots for levels of TPH in
epipellic and benthic sediments (Figure 2) demonstrate
the distribution of the recorded values and graphically
illustrate the central location and dispersion of the con-
centrations. Each single, horizontal box plot shows the
parametric (notched lines) and non-parametric (notched
box and whiskers) statistics for the respective samples. It
may be noted that there was an outlier in the levels of
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Table 1. Total hydrocarbon concentrations in sediment and 7. fuscatus samples from Qua Iboe Estuary during the wet and dry
seasons {data represent mean + SD of three determinations)
Month Station EPS (mg/kg dry wt) BTS (mg/kg dry wt) TFS (mg/kg dry wt)
Wet season
WM 20.21 £0.01 10.00 £ 3.40 10.17£0.9
Jun. ‘03 MPK 25.11 £0.01 5.00 £ 0.82 1031+1.0
UKG 18.01 £0.04 28.12+1.10 1027 +1.0
WM 40.00 £ 0.01 17.00 £4.50 1034+1.0
Jul. ‘03 MPK 35.00+£0.12 8.52+1.62 10.13+1.0
UKG 55.00 + 0.03 21.33 £2.00 11.19+0.6
WM 41.21+£1.10 16.82 £0.78 9.40x1.0
Aug. ‘03 MPK 39.26 £0.10 17.30 £2.44 9.72+1.0
UKG 172.00 £ 0.02 17.24 £1.70 10.00+1.0
WM 4234 £0.02 16.12 +5.11 1020+1.0
Sep. ‘03 MPK 31.24 £0.01 832+1.37 9.99 1.0
UKG 51.82 +0.04 2137 £3.52 926 £1.0
WM 54.71 £ 0.10 20.42 £1.00 1041 +£1.0
Dry season
Nov. ‘03 MPK 52.11+0.33 47.01 £3.02 9.56 £0.9
UKG 37.74 £0.20 43.71 £2.16 9.4911.0
WM 151.24 £ 0.04 93.24 £0.70 1370+ 1.4
Dec. ‘03 MPK 163.24 £ 0.07 92.36 £0.60 20.02+1.0
UKG 21023 £1.18 80.44 £1.00 13.21+1.0
WM 104.21 £1.00 210.11 £ 0.04 18.66+1.2
Jan. ‘04 MPK 131.21 £ 0.60 180.14 £ 0.07 15.58+1.0
UKG 170.21 £2.20 198.21 +£0.20 22.45+1.0
WM 98.30 £ 0.91 232.00 £3.11 16.29+1.0
Feb. ‘04 MPK 111.02 £3.32 192.11 +£1.02 2327+1.0
UKG 98.31 £0.01 201.11 +£5.70 1480 +1.7

EPS, Epipellic sediments; BTS, Benthic sediments; TFS, Tympanotonus fuscatus.

BNT.TPH wet BNT.TPH dry ap-wal

ep-dry

Figure 2. Multiple Box-and-Whiskers diagram for total hydrocarbons
determined in sediment during the wet and dry seasons from Qua Iboe
Estuary. BNT, Benthic; ep, Epipellic.
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TPH in the epipellic sediment during the wet season. It is
therefore suggestive that the anomalous TPH levels ob-
served might have arisen from intermittent discharges to
the estuary of crude oil and land-derived wastewaters”. In
general, sediments are classified into three classes: low,
moderate and high, with respect to their hydrocarbon con-
tent”*. Based on this classification, the concentration of
TPH in subtidal and intertidal sediments of Qua Iboe
Estuary revealed a moderate to high pollution status.
However, these comparatively high levels appear to be
local and episodic.

Sediments of the estuary are mainly psammitic and a
positive correlation was observed between the proportion
of fine-grained sediment material and TPH. The dry sea-
son witnessed increased levels in TPH (20.42 + 1.00-
232.00 +3.23 mg kg '), which could have been influen-
ced by tide, particle-size distribution, bioturbation and
anthropogenic inputs, especially the 22 November 2003
oil spillage in the area. Generally, it was observed that
the levels of TPH in the intertidal sediment were relati-
vely higher than the values recorded for the benthic sedi-
ment. Intertidal and subtidal sediments are long-term
repositories for hydrocarbons released into the environ-
ment’””, and expectedly, high concentrations of petro-
leum hydrocarbons are found in sediments of estuaries,
harbours, bays and in coastal areas receiving industrial
and urban discharges™'*'">. Mineral hydrocarbons are
known to exhibit high affinity for fine-grained particles
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found in sediments®. This explains why intertidal sedi-
ments with finer grain-sized particles generally accumu-
late enhanced levels of hydrocarbons than the coarse
subtidal sediments.

The hydrocarbon concentrations in intertidal and subtidal
sediments also exhibited marked seasonality trend with
higher values observed for intertidal sediment, especially
during the wet season. This may be attributed to increase
in anthropogenic inputs such as surface run-offs, biogenic
as well as petrogenic sources. The high levels of TPH
detected in the estuarine ecosystems during the dry sea-
son coincided with the 22 November 2003 crude oil spill-
age from the facility of an oil company located within the
vicinity of the study area. The impact characterized by a
sharp increase in hydrocarbon level was immediately
observed in the intertidal sediment (December 2003), but
much later in the subtidal sediment (February 2004) of
the estuarine mangrove ecosystem.

Elevated concentrations of TPH have been reported for
sediments exposed to oil spills. However, concentrations
of petroleum hydrocarbons greater than about 1 mg g™
dry sediment have been reported to cause significant am-
phipod mortality"’, alterations in detoxification enzymes
in fishes™ and tissue abnormalities’’. The enhanced levels
of TPH obtained from sediments of Qua Iboe Estuary are
comparatively and sufficiently high to attract chronic
effects on aquatic organisms. It is also suggestive of the
closeness of the study locations to anthropogenic sources
of oil pollution and land-based activities. Similar finding
has also been previously reported®.

Hydrocarbons adsorbed in sediments can be accumu-
lated by animals living in or on the sea-bed and thus
re-enter the food chain®'®. Filter-feeding organisms and
sediment-dwellers are capable of accumulating high con-
centrations of hydrocarbon residues both from oil spills**~°,
and chronic discharges to rivers, seas and oceans (e.g. of
industrial discharges, sewage or run-off from roads). The
TPH concentrations recorded for the biospecimen
(T. fuscatus) ranged between 9.40+£1.0 and 11.19 £
0.6 mg kg ' dry wt during the wet season, while a range
9.49 +1.0-23.27 + 1.0 mg kg ' dry wt was obtained during
the dry season. The TPH levels were remarkably low dur-
ing the wet season compared to the dry season (Table 1).
This variation is suggestive of increased intake of hydro-
carbon residues from sediments whose levels reached
a seasonal high of 22.45+1.0; 23.27 £ 1.0 and 18.66 £
1.2 mg kg 'dry wt at Upenekang, Mkpanak and Iwo-
Okpom locations respectively. The statistical descriptives
of the THP concentrations are summarized in Table 2.

Correlation between TPH levels in sediments and
Tympanotonous fuscatus var. radula

The Pearson correlation between TPH concentration in
epipellic and benthic sediments of the Qua Iboe Estuary
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during the wet and dry seasons indicated a positively
insignificant (P > 0.05) relation between levels of TPH in
epipellic and benthic sediments (» = 0.54, 95%, C1=0.18
to 0.78). The percentage distribution of TPH in sediments
as reflected by their coefficients of determinations was
29.67. More so, seasonal Pearson product moment correla-
tion between TPH levels of epipellic and benthic sediments
indicated a statistically significant (P = 0.05) non-zero
correlation (= 0.56) at 95.0% confidence level, with P-
value of 0.0045 (Table 3, Figure 3).

The Pearson correlation between TPH levels in tidal
(epipellic) sediment and biospecimens indicated a signifi-
cant (P > 0.05) positive relation (r = 0.63, P =0.0009),
with a corresponding coefficient of determination of
40.12%. Moreover, a linear regression between TPH
levels in epipellic sediment and 7. fuscatus revealed a
fitting linear model (Figure 4 a) which described the rela-
tionship as:

Epipellic sediment (TPH conc) = -26.4809 + 8.3953 x
T. fuscatus (TPH conc).

In order to further ascertain the fact that petroleum hydro-
carbons found in 7. fuscatus were from petrogenic sources
likely derived from the tidal sediment, the P-value calcu-
lated from ANOV A was less than 0.05, thereby indicating
that there is a statistically significant relationship bet-
ween TPH levels in epipellic sediment and 7. fuscatus at
95.0% confidence level. Also, the R-Squared statistic in-
dicated that the model as fitted explains 40.12% of the
variability in epipellic sediment. Similarly, a moderately
strong and statistically significant correlation (» = 0.84;
Table 3; Figure 3) was recorded for TPH concentration in
T. fuscatus and subtidal (benthic) sediment. A linear re-
gression between TPH levels in benthic sediment and
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Figure 3. Matrix plots for pairs of total petroleum hydrocarbon con-
centrations in 7. fuscatus and sediments.
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Table 2.

Seasonal continuous summary descriptives of total petroleum hydrocarbon (TPH) in epipellic and

benthic sediments of Qua Iboe Estuary mangrove swamp

Wet season Dry season

EPS BTS EPS BTS
Arithmetic mean 47.59 15.60 115.22 130.90
95% CI of mean 21.68-73.51 11.42-19.78 81.89-148.55 81.55-180.25
Median 39.61 16.97 107.62 136.68
96.1% CI of median 25.11-51.82 8.52-21.33 54.71-163.24 47.01-201.11
Range 153.99 23.00 172.49 211.58
Standard deviation 40.79 6.58 52.48 77.67
Standard error 11.78 1.89 15.14 2242
Coefficient of variation (%) 86.00 42.00 46.00 59.00
Lower quartile 29.71 9.63 87.41 66.02
Upper quartile 49.45 20.33 107.62 200.39
Interquartile range 19.74 10.70 72.83 134.36
Kurtosis 9.69 -0.27 -0.64 -1.93
Skewness 2.99 0.07 0.18 —0.11
K-SP coefficient 1.28 0.73 0.46 0.88

Epipellic sediment = -26.4809 + 8.39528"T fuscalus
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Figure 4 a, b. Plots of linear fitted model between TPH concentrations in 7. fuscatus and sediments.

Table 3. Correlation matrix for TPH levels in 7. fuscatus and sedi-

ment giving values of r-statistics for pairs of samples

Benthic Epipellic
sediment sediment T. fuscatus
Benthic sediment 0.5593 0.8412
24) 24)
0.0045 0.0000
Epipellic sediment 0.5593 0.6334
(24) (24)
0.0045 0.0009
T. fuscatus 0.8412 0.6334
(24) 24)
0.0000 0.0009

Correlation coefficient
(Sample size)
P-value.

T. fuscatus showed a fitting linear model (Figure 4 5)
which described the relationship as:

Benthic sediment (TPH conc) = -125.174 + 15.5054 x
T. fuscatus (TPH conc).
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The P-value calculated from ANOVA was less than 0.05,
thereby indicating that there is a statistically significant
relationship between TPH levels in benthic sediment and
T. fuscatus at 95.0% confidence level. Moreover, the
R-Squared statistic indicated that the model as fitted ex-
plains 70.76% of the variability in benthic sediment.

T. fuscatus are opportunistic epibenthic organisms that
feed entirely on organic matter found in mangrove mud,
scavenging whatever food is available. From the results,
the strong relation between TPH levels in the mud
creeper and benthic sediment revealed that the levels of
hydrocarbons in 7. fuscatus were petroleum-derived and
this could pose far-reaching health effects on humans. 7.
fuscatus is widely used in the preparation of local delica-
cies by inhabitants of the coastal region of Nigeria, and
exposure to TPH could be through consumption.

Conclusion

Pollution problems in the coastal waters of the region
appear to arise from intermittent discharges to ecosystems
of crude oil, petroleum-refined products, ballast water
and land-based wastewaters. Major oil spill incidents in
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the region represent a significant source of hydrocarbons
locally and episodically. The present study presents a
baseline distribution assessment of total hydrocarbons in
both the epipellic and benthic sediments of the Qua Iboe
Estuary, situated in the Niger Delta region, Nigeria. The
overall levels of anthropogenic hydrocarbons in the estua-
rine sediments when compared to similar ecosystems with
substantial industrial and domestic coastal activities
worldwide, revealed a moderate to high level of hydro-
carbon pollution. However, owing to TPH bioaccumula-
tive potential and toxicity to both aquatic organisms
(biota) and human consumers of seafood®~!, as well as
impacting the composition and diversity of infaunal
communities™, periodical monitoring and assessment of
water, sediments and tissues of various biota of the estu-
ary and Niger Delta coastal waters is necessary.
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