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ABSTRACT

Three freshwater fishes (Tilapia zlli, Oreochomis niloticus and Schilbe mystus were caught from Cross River
system between the period of February to April, 2012. The bone, liver and gills from the three species were carefully
dissected for the determination of heavy metals. Levels of heavy metals were determined using Perkin-Elmer Analyst
300 Atomic Absorption spectrophotometer (AAS). The maximum concentration of heavy metals studied was
observed in the liver tissues, while bone tissues had the least concentration. The highest concentration of copper
was observed in O. niloticus, while Schilbe mystus show the least. For caobalt concentration, the maximum was
obtained in Schilbe mystus and the minimum in T. zlli and O. nilaticus. High levels of Lead (Pb), Iron (Fe), and
Cobalt (Co) were found in the liver tissues of T. zlli and O. niloticus, while Schilbe mystus had the least
concentrations. Variations in the parameters determined were found to be statistically significant (P< 0.05). Based
on the result obtained, the levels of the elements under study in the three species were within tolerance limits that
are safe for human consumption.
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INTRODUCTION

The natural aquatic systems may extensively beaconated with heavy metals released from domestidsistrial
and other man-made activities (Vutukuru, 2005;|5ém, 2001; & Canlieet al., 1998). Heavy metals contamination
may have devastating effects on the ecologicalricalaof the recipient environment and a diversityagfiatic
organisms (Faromlat al., 2007; Vosylineet al., 2006; & Ashraj, 2005).

Over the past decades the increasing use of matatslustry is causing serious environmental p@hutthrough
effluent and emanations. Among the myriad of orgaand inorganic substances released into the aquati
ecosystems, heavy metals have received considertibigion due to their toxicity and potential lioamulation in
many aquatic species (Blarins, 1985; Cupta and i4ath983).

In general studies in heavy metal can be very itambiand interesting particularly in the field afean sciences and
other related discipline. The alarming rate of dise associated with impacts of heavy metals angadbential
effects of heavy metal on the aquatic biota haveariaof concern on the need to measure the acatiowlof
heavy metals; particularly certain metals whichgoas imminent health hazard to humans and are tezpfnom
several studies.

Studies were shown that heavy metals may alteplilgsiological activities and biological parameteath in tissue
and in blood (Basa and Ranti; 2003; Canli 1995t &ad Torres, 1988). Generally, water along thest(acluding
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the estuaries) contains a variety of marine resmsjrnamely fishes, shell fish and seaweed (Gregoa, 1996;

Museet al, 1999) which attract fishing activities. The cent here is the contamination of water resourasbd§)

by potential toxic chemical. Most of these toxiemicals when present in a concentration aboveettemmended
standard will result in chemical pollution. Manypegies of fish especially the benthos have beemdaio

bioaccumulate most of these heavy metals in tissue (Zn, Cu, Cd, Pb, Fe). Asuquo and Bassey9jli@ported
that the uptake of these toxins in the tissue ghnism may create health hazard to human as it pegdator and
other fishes that prey on them.

Available information suggested that the conceitnatof toxic metals in many ecosystem are reaching
unprecedented levels. Due to the steady load dhouinated dust in over crowded cities, the amhbdentcentration

of toxic metals are nhow among the highest ever pe@ported. Therefore, the purpose of this reseamh to
quantify the levels of some heavy metals (Cu, Gn,@&, Mn, Fe, Ni, Cd, and Zn) in bone, liver anliisgpf three
commercially important spices of fishéBl@pia zlli, Oreochomis niiloticus and Schilbe mystus caught within Cross
River system, Cross River State, Nigeria.

MATERIALS AND METHODS

Study Area

The fish specimens were collected from the CroseiRbystem Cross River State, Nigeria. The CroserRBystem
is formed from numerous tributaries arising frore thiestern slope of the Cameroon Mountains whicle hawo
spurs in Nigeria as Oban hills in the South and ddihills in the North (Moses, 1988). It is obsertkdt the main
River enters Nigeria from the Cameroon and flows fin a west ward direction then turn southwarmts enters the
Atlantic Ocean with limited Delta formation (Mosek988). The whole Cross River Estuary lies appraxaly
between longitude®30E and 1®00E and latitude®and 8N. The river basin covers an area of 54,008&frwhich
14, 000km lies in the Cameroon and 39,500kin Nigeria. The river is subject to seasonal fingdand about
8,000kn? of the basin within Nigeria comes under flood. Tésuary of the Cross River show large number of
phytoplankton cell per unit volume and of theseatizs form 75%. The fish fauna of Cross River Estuarrich
and varied (as reported by Moses, 1988). (Fig. 1).
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(Fig 1): Map of the study area showing the samplingite

Collection of specimen

Five Samples each ailapia zlli, Oreochromis niloticus, and Schilbe mystus were collected on a monthly basis for
three months (February — April, 2012) at Nsidungdbe(along Calabar River) and Abitu beach (alongabKwa
River) from the landings of basket trap fisheriéthe artisanal fishermen.
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Preparation of sample

The study was carried out at pure and applied céteyniaboratory, University of Calabar, Calabarp&x River
State. Fish samples which consisted specimen &rumisize, were collected and used for the studigse samples
collected from the different sampling location werepared and the composite was obtained prioeterchination
of heavy metals. The different organs (bone livet gills) were carefully excised after rinsing withuble distilled
water and oven dried at 1%M The heavy metal contaminations in the dried $esnpere estimated after acid
digestion, following the standard method of AOA®@R) using Atomic Absorption Spectrophotometer. Témults
were express in pggMetal per dry weight.

Statistical analysis
Analysis of variance (ANOVA) was used to test fagnéficance different in the levels of heavy metalthe
different groups of fishes.

RESULTS AND DISCUSSION

The concentration of heavy metals in the differengans (bone liver, and gills) of Elli, O. niloticus and Shilbe
mystus are as presented in (Table 1 to 3). The fish argamdied are in the order of liver> gills > bokégre 1-3).
The levels of Copper (Cu) in the different orgafithe three species of fish range between £0011 and 0.08
0.12 ugd (Table 1 to 3). The highest concentration of Cofpes8 0.12 pgg) was detected in the liver tissue of
O. niloticus (Table 2) (Figure 2), while the lowest detectenii(0.01 0.01 pgd) was found in the bone tissue of
Schilbedae (Shilbe mystus) (Table 3) (Figure 3).

Liver concentrates higher levels of Copper intaé three species of fishes than the other orgéabl¢ 1 to 3)
(Figure 3), this high level of Copper in the liiessue for all the fishes is due to the fact tiiag, liver is a largest
organ for accumulation of this element. For thésgibmples, it may be due to the fact that frestemfgshes gills
might be expected to be the primary route for thtake of pollutants within the aquatic ecosysterieffet al.,
1991), WHO (1989) reported that Copper toxicityfish is taken up directly from the water via gidlad stored in
the liver, the present study showed similar accatmh of Copper in the gills and livers. Effects loigh
concentration of Copper in fish are not well estdtad; however, there is evidence that high comagans in fish
can lead to toxicity (Woodlangt al., 1994). However, the concentration of Copper leuelhe liver and gills of.
Zlli, O. niloticus and Schilbe mystus from Cross River system were below the maximumllefd.0 pgg reported
by (Schmittet al., 1990). The different organs of all the three spedkfishes are as presented in (Table 1 to 3)
(Figure 1-3). The maximum concentration of Cob@l68 1.01 ugd) was detected in the liver tissue sohillbe
mystus (Table 3) (Figure 3), while the minimum detectiimit of (0.13+ 0.01 pgd) was observed in the bone
tissue ofT. zlli andO. niloticus (Table 1 and 2) and (Figure 1 and 2) respectivebbalt was not been considered
in compliance policies or NCBP guidance.Tirvlli, O. niloticus andschilbe mystus, liver were the target organs of
Cobalt, while the bone showed the lowest concdotral he result is in line with the work of (Buclglet al., 1982)
who in dilated that in fish, the liver is the magiorage organ for Cobalt. However, the liver is pheferred organ
for metal accumulation as could be deduced fronpteeent study.

Table 1: Mean Concentration of heavy metal in diffeent organs of Tilapia zlli caught from Cross River system (Feb — April 2012)

Concentrations ugg™)
Cu Co Pb Cr Mn Fe Ni Cd Zn
Bone 0.02:0.01 | 0.130.01 | 0.0%0.01 | 0.030.01| 0.230.05| 0.220.01 | 0.0%0.01 | 0.120.02 | 0.130.02
Liver 0.53t0.10 | 0.340.02 | 0.330.05| 0.1&0.02 | 0.320.03 | 0.3&0.02 | 0.030.01 | 0.260.05| 0.5&0.05
Gills 0.34:0.13 | 0.4%0.02 | 0.1@0.02 | 0.190.02 | 0.26&0.05| 0.2&0.02 | 0.030.02 | 0.020.01 | 0.2#0.05

Organs

Lead accumulates significantly in the bone, lived @ills of T. Zlli, O. niloticus and schilbe mystus (Table 1 to 3)
(Figure 1-3). The highest levels of Lead (088.05 pgd) was observed in the liver tissue Bfzlli ( Table 1)
(Figure 1) while the lowest limit (0.810.01 pgd) was detected in the bone Bfzlli (Table 1) (Figure 1). The
concentration of Lead were higher in the followimigler liver > gills > bone. Similar findings wereported by
(Buhler et al., 1977) that highest concentrations were in gillsinkly and spleen in rainbow trout. (Oladimeji &
Ofem, 1989) noticed i@. niloticus, the gills consistently accumulated higher amountedd as Lead nitrate. Lead
is highly toxic to aquatic organism especially fifRompalaet al,. 1984). The biological effects of sub-lethal
concentrations associated with lead toxicity ineludelayed embryonic development, suppressed regtiod, and
inhibition of growth, increased mucous formatioaurological problems, enzyme inhalation and kiddisjunction
(Rompalaet al., 1984 & Lelandet al., 1985). The levels of lead in the liver, gills anshk of the three species were
below the 0.5 pgdlimits (Walshet al., 1977).
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Fig 1: Mean Variation of Heavy Metals in different organsof Tilapia Zlli caught from Cross River System (Feb-April 2012)

Table 2: Mean concentration of heavy metals in diffrent organs ofOreochromis nitloticus caught from Cross River system (Feb — April
2012)

Concentrations ugg?)
Cu Co Pb Cr Mn Fe Ni Cd Zn
Bone 0.03:0.01 | 0.130.01 | 0.260.01 | 0.230.02 | 0.160.01 | 0.140.02 | 0.0%0.01 | 0.0%0.01 | 0.140.05
Liver 0.68:0.12 | 0.220.05| 0.140.05| 0.3%0.01 | 0.450.02 | 0.220.01 | 0.1%0.05| 0.1&0.02 | 0.620.21
Gills 0.430.05 | 0.4%0.01 | 0.140.02 | 0.3%0.05| 0.320.01 | 0.1&0.02 | 0.040.01 | 0.1@0.02 | 0.4%0.21

Organs

The concentration of Chromium in the different argaf the three species varied from 0:08.01ugg" to 0.35%
0,01ugg' (Table 1 to 3) (Figure 1-3). It was found that teecentration of Chromium in the different orgafishe
three species from Cross river system varied froi® organ to another. The highest concentrationteb@ium
(0.35+ 0.01 pgd) was detected in the liver tissue®f niloticus (Table 2) (Figure 2), while the minimum (0.83
0.01 pgd) was observed in the bone®fzlli andschilbe mystus (Table 1 and 3) and (Figure 1 and 2) respectively.
Their lowest detection concentrations were founthebone tissue. On the other hand, the highesterdrations of
Cr were found in the liver and gills of the thrgesies studied. No guideline documents are availfaslchromium
in the edible parts of fish; neither was it asskity NCBP. In view of other sanctions, the presgéhtomium
concentration in the liver and gills of the thregeasies which was the highest are well below theltevalidated by
USEPA (53.8ppm) for fish tissue (Pastorok, 198 ®wiver, surveys of contaminants in edible shell isnducted
by FDA and National Marine Fisheries Service repsdr€hromium levels from 0.1 up to 0.9 fgddam’set al.,
1993), which is in line with the above thresholdheTpresents Chromium tissues concentrations fostilndy are
below 4.0 pgglevels suggested by (Eisler, 1986) as indicativeosftamination.

Manganese tends to reside in the liver in all Hied species studied, while the bone is the |leasmaulated organ.
Hence, Mn concentration in the entire speciessif fiiere below guide line limit of 0.7 pgget by (Charbonneau
& Nash, 1993) and do not constitute any threat uperconsumption of these species of fish.

The concentration of Iron (Fe) in the three speofdish studied varied from 0.360.05 pgd to 0.14+ 0.02 ugd-
The maximum concentration of iron was observedaliver ofT. zlli (table 1) (Figure 1) while the bone tissue of
O. nilaticus shows the least of concentration (Table 2) (Fig)telThe levels of concentration of Fe in the difer
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tissue organ of the three species of fish studietevbelow the high residue concentration of Fel@a-ppm) in
fish samples on MNW refuge (Charbonneau & Nash3)199

The maximum concentration of Nickel (0.210.05ug g* to 0.12+ 0.02ug5") were detected in the liver @tzilli,

and some o$chilbe mystus (Table 1 and 3) and (Figure 1 and 3) respectiwghjle the minimum levels of (0.@1
0.01ugg?) were detected in the bonesfzlli andO. niloticus (Table 1 and 2) and (Figure 1 and 2) respectively.
Nickel level of 0.7ugg” is considered potentially lethal to fish and aguairds that consume them (Lemly A.,
1993). Nickel concentration of 2i&g" or greater, may cause reproductive impairmentlackl of recruitment in
fishes (Baumann & T. May, 1984). None of the samptethis study approached these levels of conddence,
nickel concentration in the entire species of fiskes not constitute any threat upon its consumption
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Fig 2: Mean Variation of Heavy Metals in different organsof Oreochromis nitloticus caughtfrom Cross River System (Feb-April 2012)

Table 3: Mean concentration of heavy metals in diffrent organs ofSchilbe mystus caught from Cross River system (Feb — April 2012)

Concentrations ipgg™)
Organs Cu Co Pb Cr Mn Fe Ni Cd Zn
Bone | 0.010.01| 0.340.05| 0.020.01 | 0.030.01 | 0.240.01 | 0.260.01 | 0.120.02 | 0.1&0.05| 0.230.05
Liver 0.43:0.5 | 0.580.01| 0.2#0.05| 0.1&0.02 | 0.420.01 | 0.320.05| 0.180.01 | 0.1&0.02 | 0.430.01
Gills 0.36:0.05 | 0.4&0.01 | 0.150.02 | 0.320.01| 0.280.05| 0.260.01 | 0.040.05| 0.030.01 | 0.340.01

The highest concentration of Cadmium were obseiwete liver tissue off. zlli, O. niloticus and schilbe mystus
while the lowest concentrations were detected énltbne tissues of the studied species (Table ] (BiGure 1-3).
Cadmium is a non-essential trace metal that isrpialey toxic to most fish and wildlife particulgrifreshwater
organism (Robertsoe al., 1991). The highest concentrations of cadmium ofttinee species studied were below
the 0.5ugg™ threshold considered harmful to fish and predatétalshet al., 1977).
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Fig 3: Mean Variation of Heavy Metals in different organsof Schilbe mystus caughtfrom Cross River System (Feb-April 2012)

Zinc was detected in all the fish samples, anchtgbest concentration was in the liver tissue ofottd by the gills,
while the bone shows the least concentration (Table 3) (Figure 1-3). The concentration of Zn inzfli, O.
niloticus and Schilbe mystus were below the NCBP 32j4gg™. Fish can accumulate zinc from both the surroundin
water and from their diet (Eisher, 1993). Althougjhc is an essential element, at high concentrattaran be toxic
to fish, cause mortality, growth retardation, aegroductive impairment (Sorenson E., 1991) zincapable of
interacting with other elements and producing amtégjic, additive, or synergistic effect ((Eish#893). Zinc does
not appear to present a contaminant hazard tawii$tin this portion of Cross River system.

CONCLUSION

Fish absorb metals through ingestion of water ottaminated food. Heavy metals have been shown dergo

bioaccumulation in the tissue of aquatic organisntensumption of fish and aquatic organism thesalsieecome
transferred to man. However, it is not yet estalelis whether the fishes in the river system haven lsewerely
affected by heavy metals based on the resultsrastdrom the study. Although the results do notlieitly indicate

a manifestation of toxic effects, the possibilityat deleterious effects could manifest after a Iqgagiod of
consumption of fish caught from the river systenthwrace metal contamination cannot be ruled out.
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