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ABSTRACT

The study investigated the heavy metal concentration in Tilapia zilli and water sediments along Kolo
Creek in Ogbia Local Government Area, Bayelsa State. Tilapia fish and sediment samples were
collected from 5 stations, and analyzed for heavy metals following standard procedures. Four metals
(Copper, Lead. Cadmium and Nickel) were recovered with increasing order of mean concentration as
follows; Cu > Pb > Cd > Ni. Copper was significantly more abundant in the sediments, gills and
muscle tissues than other element with mean concentration of 10. 73-16.61mg /kg, 3.32 -5.20mg/kg and
2.48-4.89mg/kg respectively. Except for Ni, other metals were more abundant in the gills than in the
muscle tissues. Positive correlation matrix of the elements highlights a common origin. The
concentration of these metals exceeded the maximum internationally allowable tolerance limits in
drinking water, suggesting that Kolo Creek water is polluted and calls for prompt interventions.
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INTRODUCTION the heavy metals that are many times higher than
The contamination of water with a wide range of the concentrations in the parent water or
pollutants has become a matter of great concern sediments through the process of biosorption and
over the last decades (Al-weher, 2008). Heavy magnification (Olaifa et al, 2004). Heavy metals
metals are non-biodegradable natural resources have the tendency to accumulate on various
while some are stable environmental trace organs which, in turn can enter into the human
components of both fresh and marine waters, but metabolism  through consumption, causing
their levels have increased due to domestic, serious health hazards (Peul et al, 1987.,
industrial, mining and agricultural activities USEPA., 1991., Anadon et al, 1984; Birge et al,
(Kalay and Canli 2000, Yousafzai and shakoori 2000).

2008). If the concentration levels of these Copper, Cobalt, Zinc, Iron and
elements increased beyond the level required, Manganese are essential for enzymatic activity
they can act in either actually or chronically toxic and many biological processes. Other metals
manner (Gulfaraz et al, 2001). such as Cadmium Mercury and Lead have no

Sediments have been reported to form known essential role in living organisms, thus are
the major repository of heavy metals in aquatic toxic even at low concentrations (Bryan, 1976).
systems (Olowu et al, 2010). However, aquatic Gbem et al (2001) have reported that
organisms such as fish and shell fish accumulate accumulation of Chromium, Copper and Zinc
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increases in the order of these tissues; liver >gill>
gut > muscle tissues. Onwumere and Oladimeji
(1990) also reported that there was 1000 fold
accumulation of heavy metals in Oreochromis
niloticus exposed to treated petroleum refinery
effluent. Earlier reports showed that industrial
and domestic effluent constituted the largest
sources of heavy metal, which contribute to the
steadily increasing metallic contaminant in
aquatic environments in most parts of the world
(Olowu et al, 2010 Wangboje and Oronsaye,
2001).

Kolo-Creek in Ogbia Local Government
Area of Bayelsa State is one of the ancient
settlements where oil exploration started in
Nigeria. This activity has continued to the hinther
land in the area. As a consequence, the water
resources situation is now precarious and of great
concern to both host communities and
Government.  However, there is paucity of
information on the heavy metal level in fish and
water sediments in Kolo Creek. This study is
therefore undertaken to determine the heavy
metal level in the fish gills, muscle tissues and
sediments at different stations in the Kolo-creeks.
This result shall provide base line data on the
assessment of aquatic health in the area.

MATERIALS AND METHODS

Study Area:

Kolo creek, 4°.53'N - 6°.22'E is located within
the lower delta plain. It is situated northwest of
Yenagoa, the Capital City of Bayelsa-State. The
Creek is non-tidal fresh water that empties into
the River Nun (Alagoa, 1999). The major activity
of Economic value in the area is exploration and
exploitation of Crude Petroleum Qil. Oil fields
are located in each settlement along the creek,
where effluents are discharged into the water
body. The creek is the source of drinking water
and livelihood of the people. The major
occupation is fishing and farming.

Sample collection:

Sampling was carried out in accordance with
standard method (ALPHA, 1998). Five stations
corresponding to human settlements were
delineated for samples collection. Fish and
sediments were collected twice from each of the
delineated stations during the period September,
2009-February, 2010. Tilapia zilli (10-20cm) in
Length were purchased fresh from indigenous
fishermen from each station. Each fish was
properly rinsed in distilled water to remove
debris, plankton and other external adherents. It
was then drained under folds of filter paper,
weighed, wrapped in aluminum foil and then
frozen at -10 ° C prior to laboratory analysis.

In the same station, bottom sediments
were collected into pre-cleansed polyether bag
using a stainless van-dergrab; air dried at room
temperature for few days, sieved with 200mm
mesh screen and wrapped with aluminum foil.
This was made ready for laboratory analysis.

Treatment and Analysis:

The fish samples were defrosted for two hours
cleansed and eviscerated. The gills and muscle
tissues were separated into different Petri dishes
following standard procedure in Rauf et al,
(2009). Each of the fish parts were dried at 110°C
for 2 hours in Gallenkamp hot box oven and then
homogenized in an electric moulinex blender for
chemical analysis. 2.0g of the gill and muscle
tissues were weighed and heated to ash at 550 °C
for 90mins in a volumetric flask and filtered.
Two milliliters of IM HHO; was added to the
residue and the solution was heated again until
sample was completely digested and became
colorless. The solution was allowed to cool. Ten
milliliters of 1M HNO; was added to the solution
and finally made up to the 500ml in distilled
water. The digested sample volume was filtered
through 0.45mm millipore membrane filter (Type
HV). The concentration of the filtrate was
analyzed for Pb, Cu, Cd and Ni using (Shimadzu
AA-680 Japan Atomic Absorption flame
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emissions spectrometer fitted with GFA-4B
Graphite furnace).

RESULTS

Heavy Metal Concentration
across Study Stations

The spatial abundance of heavy metals in the
sediments of Kolo Creek rivers was in the order,
Cu > Pb > Ni > Cd. The mean and standard
deviation of the heavy metals in the sediments
varied across sampling stations (Table 1). The
mean concentration of Copper ranged from 10.73
— 16.61mg /kg. The highest Cu concentration
(16.61-10.43mg) was in station 2 and least in
station 4, (0.22-10.73mg).

The mean concentration of Pb ranged from 4.97 -
8.44 mg/kg. This was highest in station 2 (8.44 +
2.58mg) and least in station 4 (4.97 + 3.91mg).
The highest concentration of Ni (6.54 + 1.81mg)
was recorded in station 1 and least in station 3
(4.58 + 1.08mg). The mean concentration of Cd
was relatively low and ranged from 0.01 — 0.11
mg/kg. The highest was recorded in station 1
(0.11+ 0.16mg), followed by station 2 (0.10 +
0.12) and least in station 4 (0.01 + 0.03mg)

in  Sediments

Heavy Metal Concentration in Gills and
Muscle Tissues of Tilapia zilli

The concentrations of metal in the various fish
parts caught from five stations across Kolo Creek
is shown in Table 2. In both gills and muscle
tissues, Cu was found to be significantly more
abundant than other metals. Cu concentration
ranged from (3.32-5.20mg/kg) in gills and (2.13-
4.89 mg/kg) in muscle tissues. Pb was the second
highest in concentration ranging from (0.14-
3.01mg/kg) in gills and (0.05-0.97mg/kg) in
muscle tissues. Ni was least in concentration;
(0.38-0.72mg/kg) in gills and 0.06-0.65mg/kg in
muscle tissues. However, the concentrations of
Cu, Pb and Cd in the increasing order of gill >
muscle tissues followed the same pattern. The
differences was not significant (p >0.05). The

concentration of Ni was slightly higher in the
muscle tissues than in the gills.

The correlation matrix constructed
(Table 3) for element in the sediments showed a
positive correlation between Pb and Cu (0.230),
Pb and Cd (0.560), Pb and Ni (0.034), Cu and Ni
(0.431); a negative correlation existed between
Cu and Cd, Cd and Ni. In the qill, positive
correlation existed between Pb and Cd (0.115),
Cu and Ni (0.607). A positive correlation existed
between all elements in the muscle tissues.
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Table 1: Concentration of Heavy Metals (Mg) In Sediments of Kolo Creek Water,
September, 2009 — February. 2010

Heavy metal concentration (mglkg) in sediments

cu Pb cd Ni

Station SD . sb — sD — sD
X X X X

1. 11.00 1.92 698 151 011 016 654 181

2. 16.61 1043 844 258 010 012 592 232

3. 1155 2.85 664 197 004 005 458 1.08

4. 1073 0.22 497 391 001 003 636 146

5. 12.26 8.78 774 194 007 005 484 142

Y = Mean, S.D = standard deviation.

TABLE 2: Concentration of Heavy Metals in Gills and Muscle Tissues of Tilapia zilli, September 2009
— February 2010

Heavy metal concentration (mg) in gills and muscle tissue

Cu Pb Cd Ni
Station  gill muscle  gill muscle gill muscle gill muscle
1. 520 4.89 1.78 0.97 0.18 0.15 0.72 1.06
3.83 357 2.70 0.22 0.23 0.14 0.50 0.81
512 248 3.01 1.07 0.14 0.14 0.55 0.70

332 273 0.14 0.05 0.16 0.03 0.38 0.71
336 2.73 2.01 0.74 0.26 0.12 0.62 0.65

o M WD
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Table 3: calculation matrix of water — elemental relationship in sediments, gills and muscle tissues of Tilapia zilli, from Kolo creek

Sediments gills muscle tissue
Pb Cn Cd Ni Pb Cu Cd Ni Pb Cu Cd Ni
pb 1 1 1
cu 0.229503 1 -0.00662 1 0.072234 1
Cd 0.15699 0.20582 1 0.114827 -0.24241 1 0.16738 0.4656020 4
Ni 003398 043104 ooz 1 | -0.3619 0.607209  -0.2249 1 0192905 474145 (610966 1
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DISCUSSION

The concentration of heavy metals; (Copper,
Lead, Cadmium and Nickel) in the water
sediments and fish organs from Kolo creek
indicates a high level of metal pollution. This
may be attributed to the high human activities,
such as discharge of untreated sewage and uses of
industrial materials that contain metals or the
ability of the sediment to act as sink (Olowu, et al
2010). The presence of these elements in both the
sediments, gills and muscle tissues of fish in the
study stations agrees with reports elsewhere
(Wangboje and Oronsaye, 2001; Al-weher 2008;
Biney and Becko 1991; Yilmaz, 2003). Except
for Cadmium (Cd), the concentrations of other
metals were higher in the sediments than in the
gills and muscle tissues.

The high mean Cu — sediment level in
all the study stations exceeded the 1.5uglg Cu/l
allowable level in drinking water in Nigeria
(FEPA 1991). The Cu concentration in the gills
and muscle tissues is comparable with the report
of Al —weher (2008). This is an indication that
most Copper minerals are relatively insoluble.
Naturally, Copper is often not a threat to humans
except when present in at abnormally high
values, where it causes anaemia, disorder of
bones and connective tissues and liver damage.
The toxicity depends upon the hardness and P™ of
the water. It is more toxic in soft water with low
alkalinity (Taha 2004).

The level of lead (Pb) had been higher
in the sediment than other organs and tissues of
fish (Addo et al, 2011). The high level of Pb
recorded in this study exceeds the allowable
limits of 2.0mg/Pb/g. The higher level of Pb in
the gills than in the muscle tissues indicated that
the gill is the primary site for Pb uptake in fish.
This observation is consistent with Yousalfzai
and Shakoori (2008). There had been a strong
relationship between gill metal burden and
toxicity (Playle et al 1993; DiToro et al, 2001).
The bioaccumulation of Pb by fish may create
detrimental effects on fisheries resources and
could constitute a considerably health hazard, to

man. Lead reduces reproductive capacity
(Wangboje, and Oronsaye, 2001) while the
consumption of the fish lead — polluted fishes by
man interferes with heamoglobin synthesis. In
severe cases; Pb poisoning may lead to
encephalopathy anaemia, renal problems and
death (Lawson, 1989).

The concentration of Ni in the water
sediments observed in this present studies is
comparable with the values obtained by Addo et
al (2011). Concentration of nickel in Kolo Creek
water exceeds the maximum allowable value of
0.015 — 0.020mg/l in unpolluted waters (WHO
1998., USEPA, 1986). However, a higher
concentration of Ni in the gills than in the muscle
tissues agrees with the report of Yousafzai and
Shakoori (2008). Although Ni is considered an
essential element to plants and some animals; (Ni
is present in the enzyme urease), its importance
to man is yet to be demonstrated (Teo and Chen,
2001). According to McKenzie and Symthe
(1998), more attention has been focused on the
toxicity of Ni in low concentration, such as the
facts that Ni can cause allerigic reactions and that
certain Ni compound may be carcinogenic.
Nevertheless, nickel- related health effects such
as renal, cardio vascular, reproductive and
immunological effects have been reported in man
(Salnikow and Denkhaus 2002).

The Cd concentration in the sediments
exceeds the tolerance level of 0.01-0.05 mg/l as
contained in USEPA (1983). The low gill —Cd
concentration than in muscle tissues contrasts
with the result of Al-weher (2008), who reported
that the gills seems to be the organ which
accumulates the highest value of Cd; the muscle
showed the lowest level of Cd in Oreochromis
aureus. The possible explanation and mechanism
to this present result is not yet known. However,
according to Arellano et al (1999), the
differences in the pattern of heavy metals
distribution might be a result of the differences
in feeding habits, habitats, ecological needs and
metabolism of the fish.
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A positive correlation matrix constructed for
elements in the sediments, gills and muscle
tissues is an indication that these elements were
likely contracted from the same sources.
Negatively correlated matrix might have
different geochemical factors influencing their
concentrations. The bio-accumulation of metals
in fish and water sediments can be considered as
an index of metal pollution in aquatic bodies.
The presence of the toxic elements. Cu, Pb, Cd
and Ni in Kolo creek water traceable to the
multinational companies, (Olowu et at, 2010).
The concentration exceeds the maximum
allowable level contained in WHO and USEPA
regulations. This could be very detrimental to
the health of human beings and aquatic life. It is
recommended however that the multinationals in
these areas, should take notice of their acts and
ensure improved waste management and
monitoring polices. Safe drinking water should
also be made available to the affected areas.
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