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Original Research Article
HEAVY METALSACCUMULATION IN WATER,
SEDIMENTSAND CATFISH (Clarias gariepinus) FROM
TWO FISHING SETTLEMENTSALONG RIVER
KADUNA IN NIGER STATE, NIGERIA

ABSTRACT:

Water, sediments and catfishlé@as gariepinus) samples obtained from two fishing settlementsgl®iver
Kaduna at Shiroro and Zungeru in Niger State, Négerere analyzed for some selected heavy metalsQEdCu,
Fe, Mn, Ni, Pb and Zn) using Buck Scientific Mod0VGP atomic absorption spectrophotometer. Tha dat
obtained were then, analysed using one-way anabfsimriance (ANOVA) statistical analysis. All heawmetals
analyzed were detected in all the samples except®hdetected in water and catfish samples ard @ld was not
detected in sediments sample. The highest heavgl m@tcentrations were found in the sediments coatpto the
water and catfish this is because sediments ararkrio be major depository of metals present in ghstem.
Zungeru fishing settlement has higher concentratibthe following metals: 0.72 + 0.84 mg/L Fe iretkvater;
1331.00 + 46.98 mg/kg Fe and 160.83 = 12.18 mgfgrizthe catfish; 7447.33 + 139.07 mg/kg Fe and.@h4
7.63 mg/kg Mn in the sediments than the values f®mniroro site. Shiroro fishing settlement has thghést
concentration of Fe in water 5.86 =+ 0.11 mg/L, leigthFe in catfish 1482.83 + 99.50 mg/kg, highestddiment
26629.50 + 487.97 mg/kg. The heavy metals in theemfaom Shiroro River follow the ranking: Fe > GCr > Zn
> Mn > Cd > Ni; while the metals in the fish fronuZgeru follow the order: Fe > Zn > Mn > Cr > Cu & € Pb,
Ni. Variable results were obtained from the twdniigy settlements, but results obtained for somalnét different
samples (water, catfish and sediments) were witlgximum permissible limits for water, sediments &istl as
recommended by WHO/USEPA, while other metals wégadr than the recommended limits. Regular momitpri
of these heavy metals in water, catfish and sedisr@mthese fishing settlements is recommended.

Keywords: Sediment, Fish, Heavy metals, Shiroraygéuwu, Water

1. INTRODUCTION

Heavy metals are pollutants of the aquatic enviremnbecause of their capability to poison humarkskaild-up in
marine organisms [1]. The toxicity effects of thémavy metals causes’ serious problems on thehheffhan due
to their easy absorption into the food chain ar@hbtumulation processes [2,B]etals are not decomposable but
undergo biogeochemical cycles with considerablfedéit residual time in diverse spheres areas angpartment
of the environment. Heavy metals such as Fe, Mn,Gm and Cr play biochemical functions in livingllseof
aquatic organisms in minute amounts but in higlceatrations however they become toxic [4].

Potential toxic metals may be generated from mawvgrse origins in rural and urban settlements ahédraactivities
such as vehicular emissions and industrial dis&@®f§,6]. Heavy meals are natural constituent ofemvironment
produced from an array of natural and anthropogengin [7].

In recent years, anthropogenic activities have tete&cological pressure in natural habitats ande hsariously
increased the atmospheric deposition of heavy npetllitant even in places far away from close hurnmpact
[8,1]. Numerous studies have confirmed that sulbistaamounts of chemical elements are leached frefuse
dumps into ground water, streams and rivers [Sngéquently, variety of species of aquatic organi@oomes
limited with the level of heavy metal pollution [9]

Aquatic environment is one of the receiving endshelvy metals which go back into the food chairoulgh
bioaccumulation and bio-magnification in marineraals and man respectively [7]. Bio-magnificatiorsigayed by
metal absorption or contaminants which could bé&eshithrough the numerous tropic levels in an estesy [10].
Contaminants exist in low level in water and atstabtial concentration in sediments and biota [$&Himents and
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water are often used as pointers for the natuggotifition of the ecosystem [12]. Also, fish is weHbught-out as
one of the most essential pointers in freshwatstesys for assessment of metal pollutant levels [11]

Heavy metals are classified as: potentially poissnor non-essential such as Al, As, Cd, Pb andsEgii-essential
like Ni, V and Co and essential like Cu, Zn and[B3. Associated health risks of environmental cloainelement
have led to a foremost change in global interesiatd determent of heavy metal build-up [8]. Mercuisad,

cadmium and nickel are amid the highly harmful rtietpollutants [9].

The United States environmental action group hasrted that the world’s main contaminated areasweget the
health of above 10 million people in many landsu§ithe rising tendency in concentration of heavyatean the
environment has established substantial awaremesagaecologists and scientist worldwide during [t period
[14].

Accumulations of heavy metals in water systemsteace as increase the human consumption througth ébain
besides through drinking water [8]. The significantamination of marine animals with heavy metile to
polluted soil and water has been examined and Bas mtroduced via the sea, river and even irogatanals.
Afterwards, the intake of polluted products formsignificant route of human and animal exposurel[&p

Therefore, to check the growing cases of food cuommation and health risk factors, it is importamattinformed
research into sources and modes of heavy metaltjpolishould be undertaken so that toxic metaliwipiose a
menace to human well-being can be minimized. Tisalte attained from this finding will provide data the
background levels of metals in sediments of thersvand water in the studied area and enable fieetigé
monitoring of both environmental quality and theltie of the organisms inhabiting the ecosystem.

2.MATERIALSAND METHODS

2.1 Study Area

Shiroro River is located on latitudé 98" 25" North and Longitude’ 60" 6™ East. It is situated at a dam known as
Shiroro dam, owned by Power Holding Company of Nag¢PHCN) and located 550 meters downstream of the
confluence of Kaduna River with its tributary, tBénya. The people of the study area are engagedading,
farming and fishing as means of livelihood.

River Kaduna at Zungeru Bridge is next to Akusu anldcated on latitude®319"™ 38.45™" North and longitudé 8°
13.63" East. The people of the study area are egmged in trading, farming and fishing as thegans of
livelihood [17].
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Figure 1. Base Map of Niger State Showing Local Government Areasalong River Kaduna and the Sample
Site



90 2.2 Sample Collection and Pre-Treatment

91 Samples were collected during the month of May-J844 by random systematic sampling. Three sedimen

92 samples were collected in polythene bags from weedifferent locations of the rivers (the up andvdstream).

93 Samples of water were collected using a bailerpaand downstream points of the rivers. At each fpdhree

94  samples were collected and made into a compos#eZititre plastic container prewashed with 2 mofd#iNO; in

95 order to stabilize the metal ions and prevent pitation. Three samples were collected from eachtlon, tightly

96 corked, brought to the laboratory and kept refaged for further analysis. The collected sedimantdes were air-

97 dried and large unwanted particles removed by tmcking. The dried samples were then ground withagate

98 mortar and pestle and then sieved with a 2 mm reigshsieve before storing for further analysisshriish samples

99 newly caught were bought from the local fishermeeach sampling location. They were kept in a copbeked
100  withice block so as to retain their freshnessthet conveyed to the laboratory for segmentatiath@frgans to be
101 analysed. After washing with distilled water, therts were separated into gills, intestine and éissud dried in an
102 oven at 10%C for 48 hours. All parts of the dried fish wereupded together to fine sizes and sieved with a 2 mm
103 sieve mesh before keeping for further analysis.

104
105 2.3 Methods

106  The procedure involving the use of trioxonitrate @cid as described by AOAC was employed [18]. &ohe50
107  cn? triplicate samples of water in 250 toonical flask, 10 cthof HNO; was added and then heated at ZD@or 1
108 hour. In each case, 2 émf hydrogen peroxide was added and the samplfwréier heated for about 30 minutes.
109 The remaining mixture obtained was then made tar@®mark with distilled water and filtered into a 50 tm
110  volumetric flask and made up to the mark. A blaekedmination was also carried out.

111

112 To each 1.0 g triplicate sample in 250°ctonical flasks, 20 ciof a mixture of perchloric acid and trioxonitrate
113 (V) acid at a 2:1 ratio (v/v) was added and heate2D0°C on a hot plate to near dryness. To each triglisample,
114 20 cn? of 0.5 moldr® trioxonitrate (V) acid was added and filtered i6® cn? volumetric flask through Whatman
115 No 42 filter paper. The filtrate obtained was mageto 50 cry mark with distilled water and stored in pre-cledne
116 polyethylene bottles for heavy metals analysis gistiomic Absorption Spectrometer (Buck Scientificoadel
117  210VGP) [19,20].

118

119 1.0 g portion of the ground samples was weighedguaidigital weighing balance (sensitive to + 0)0ILg each 1.0
120 g triplicate sample of catfish in 250 &onical flask, 10 critrioxonitrate (V) acid and 2 ciperchloric acid added
121 and then heated at 280 for 2 hours. After complete digestion, the resiavas dissolved and diluted using 0.2 %
122 vlv trioxonitrate (V) acid to 20 cfirvolumes and then filtered into a 50 twolumetric flask and made up to the
123 mark [21].

124

125 2.4 Statistical Analysis

126 One-Way Analysis of variance ANOVA was used asatistcal inference for the comparison of resulisamed
127  from each settlement. The identification of theatieinship was carried out by using Pearson coroglahatrix and
128 Duncan multiple range test. The samples were aedlyising ANOVA test in the Statistical Package $arcial
129 Science (SPSS) software [22]. The 95% confidentenials (P < 0.05) were used to determine errorgimaand
130 also significant differences between the differeampling point and settlement and the accuracyhef data
131 obtained from the analysis.

132

133 3. RESULTSAND DISCUSSION
134

135 3.1 Heavy Metalsin Water

136 From the results in Table 1 and Figure 2 and 3ctreentration of Mn in the water samples rangedhf0.10 +
137 0.00 to 0.27 £ 0.08 mg/L from the two locationsghr concentrations of 0.21 + 0.02 to 0.27 £ 0.@#Lnof Mn

138  were obtained for water samples from Zungeru coet&r water samples from Shiroro which were 0.1D06 to
139 0.11+0.01 mg/L of Mn. Thus, indicating higher cantaation of Mn in water samples from Zungeru. Samifalues
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were obtained from Zayandeh Rood River in Isfalran-1(0.037 to 0.072 mg/L) reported by Sanayei e{2]l
However, the obtained result is lower than thosended by Edward et al. [7] with concentration90of8 — 0.80
mg/L in Odo-Ayo River in Ado-EKkiti, Ekiti-State Néegia. Nonetheless, a reported result in this studge above
the permissible limits of 0.05 mg/L Mn in descrigiwater by WHO/FEPA, and indicates pollution by [28].

The concentrations of Fe as shown in Table 1 wet@é 5 0.34 to 5.86 £ 0.11 mg/L for water samplesfrShiroro
and 6.68 + 0.46 to 7.02 £ 0.84 mg/L for Zungeruevaamples. This indicates that, concentration higis in the
latter than the former. There is no distinct patterthe distribution of Fe since a lower conceimraof 5.47 + 0.34
mg/L was from the upstream area of Shiroro whileveer concentration of 6.68 + 0.46 mg/L was obtdine the
downstream area of Zungeru (Figure 2 and 3). Theswabtained corresponds to those reported forexttnation in
water samples from Odo-Ayo River in Ado-Ekiti, Hk#tate, Nigeria (5.87 mg/L) by Edward et al. [7].
Nonetheless, the reported result was higher thaménmissible limits of 0.3 mg/L Fe in drinking waty WHO,
and indicates pollution by Fe [24].

Table 1: Concentration of Heavy Metals in Water Samples collected from Shiroro and Zungeru Fishing
Settlements (mg/L)

Sample Sites
Metals SuU SD ZU ZD Standard Limit
Mn 0.10+0.00 0.11+0.0% 0.27+0.08 0.21+0.03 0.05 WHO/FEPA 2003
Fe 5.47+0.34 5.86+0.1% 7.02+0.84 6.68+0.48¢ 0.30 WHO 2008
Cu 0.53+0.03" 0.04+0.06" 0.03+0.00 0.08+0.03 1.00-2.00 WHO 2008
Zn 0.27+0.08 0.24+0.02 0.34+0.09 0.34+0.08 3.00 WHO 2008
Cr 0.33+0.03 0.18+0.05 0.22+0.09 0.33+0.02 0.05 WHO 2008
Cd BDL 0.01+0.00 BDL 0.03+0.06 0.01 USEPA 1986
Pd BDL BDL BDL BDL 0.01 WHO 2008
Ni BDL 0.01+0.00 BDL BDL 2.00WHO 2008

Values are mean * SD of three determinations. Seenpith the same superscripts across row are goifisantly
different at P< 0.05 while sample with different superscripts asroow are significant difference akm®.05. WSD:
Shiroro Downstream, SU: Shiroro Upstream, ZU: Zung€pstream, ZD: Zungeru Downstream, BDL = Below
Detectable Limit. mg/L: milligram per litre.

The distribution of Cu content in the water samgtesn Table 1 were 0.03 + 0.00 to 0.53 = 0.02 mglgnificant
variation was visible in the results with minimuwncentrations of 0.03 + 0.00 mg/L obtained from tpstream of
Zungeru and maximum concentration of 0.08 = 0.03Lnuptained from the downstream (Figure 3). Whilent

Shiroro, the downstream gave a lower concentraifo®04 + 0.00 mg/L and the upstream, a higher eotration
of 0.53 + 0.02mg/L (Figure 2). This discrepancy Idooe attributed to dilution factor of the rivefdean values of
0.84 mg/L obtained by Edward et al. [7] from OdoeARiver in Ado-EKkiti, Ekiti-State, Nigeria was ditly higher
than the obtained values in the study. The restitained from the study were all lower than thewmpssible limits
of 1.00 to 2.00 mg/L recommended by WHO, indicatiog pollution of this metal in the studied sam2i4].
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Figure 2: Mean Concentrations of Heavy Metal in Water Sample from Shiroro Fishing Settlement

The concentration of Zn in all water samples weP¥ & 0.08 mg/L (SU); 0.24 + 0.02 mg/L (SD); 0.3989 mg/L
(2V) and 0.34 + 0.05 mg/L (ZD) with no significadifference at < 0.05 (Table 1). Higher concentration of Zn
was obtained in water sample from Zungeru as coeaptar water samples from Shiroro, with the distitruin the
upstream and downstream of each interchange; $hhiad more Zn concentration in water samples frbe t
downstream while the reverse was the case in Zun@égure 2 and 3). Values obtained from the prestrmy are
lower than 3.19 mg/L reported for water samplesiftdke Stream, Nasarawa State, Nigeria by Opaluveh §t2].
Results from the present study were within the piad#e limits for drinking water of 3.0 mg/L recoranded by
WHO [24].

The concentration of Cr contents ranges from 0.0305 to 0.33 + 0.03 mg/L in all samples in Tabld ke highest
concentration of 0.33 + 0.03 mg/L was obtained frapstream of Shiroro and the downstream of Zungeru
respectively while the lowest concentration of 0A48.05 mg/L in water sample was obtained downstred
Shiroro (Figure 2 and 3). These results were coatpaith the 2.08 mg/L reported by Olatunji and @sijo, for
Inland Fresh Water from River Niger and River Osarlorth-Central Nigeria [25] which is higher thdre present
study while values obtained from Bara River, Nowah&PK province, Pakistan for surface water cortation in

the range of 0.16 to 0.28g/L by Amir Waseem et al. [26] compares favourahith present study. Concentrations
obtained for the samples, however, did not exceagimum permissible value of 0.05 mg/L as recommdrige
WHO [24].
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Figure 3: Mean Concentrations of Heavy M etal in Water Sample from Zungeru Fishing Settlement



195 From Table 1, cadmium concentrations in water samplere obtained from downstream areas of botto®hand
196  Zungeru (Figure 2 and 3). This could be as a redudtctivities from the Shiroro Dam which flow dostream. In
197  Zungeru, it was observed that vehicles and motdecyashed from upstream flows downstream could hedréo
198 the release of Cd based contaminants into the watars, the concentration of Cd in Shiroro was initthe
199 maximum permissible limit of 0.003 mg/L [27], butightly above the permissible limit in Zungeru. The
200 concentrations of Cd in both rivers however, weithiw the permissible limit for irrigation water 601 mg/L [28].

201 The concentration of lead in all the water sampleshown in Table 1 and Figure 2 and 3 were beletgction
202 limits (BDL), indicating minimum contamination fromb. Findings by Opaluwa et 4lL2], Ali et al. [29] and
203 Mwegoha and kihampa [3@} Uke Stream Nasarawa State, Red Sea at JeddatiddPort Coast and Dares Salaam
204 City, Tanzania reported values of 0.04 mg/L, 1.29lmand 0.08 mg/L respectively. This shows that lthels of
205 Pb concentrations are sometimes determined by agpubenic sources or by environmental factors. Pssibyle
206 limit of Pb in drinking water is 0.01 mg/L as recomnded by WHO [24].

207

208 From Table 1, nickel contents was only present inimum amount downstream of Shiroro with a meamnueadf
209 0.01 + 0.00 mg/L while it was absent from ZungeFiggre 2 and 3). Reason for the absence of Ni egstrof
210 Shiroro is unclear but dilution factor is suggest®thtunji and Osibanjo reported a mean concentratif 0.78 +
211 0.12 mg/L for Inland Fresh Water from River NigerdaRiver Osara in North-Central Nigeria [25] whialere
212 greater than those reported from downstream ofo&hiin the present study. Amir Waseem et al. [2gjorted
213  values ranging from <0.001 to 1.B®)/L in surface water in Pakistan which were witthe values obtained from
214  the present study. The obtained values are howeitein the maximum permissible limit for water of0® mg/L
215  [24].

216

217 3.2 Heavy Metalsin Sediment

218  Table 2, shows that sediment sample for Mn fronrdbihad higher concentration of 370.17 + 27.10kaggh
219 downstream and 402.33 + 32.08 mg/kg upstream, veleittment sample from Zungeru had lower concentraif
220 116.83 + 4.69 mg/kg at upstream area and 164.6763 ihg/kg at the downstream area (Figure 4 andrisg.
221 current study is high when compared with sedimemicentrations obtained from River Kubanni ZariaNigeria
222 (184.5 to 293.25 mg/kg) as reported by Butu andsldg]. Maximum allowable limit for Mn as recomméed by
223 the USEPA is 300 mg/kg [31], implying that thereswaajor Mn contamination in Shiroro sediments wihtilat for
224  Zungeru were within acceptable limits.
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227 Figure 4: Mean Heavy M etal Concentrationsin Sediment Samples from Shiroro Fishing Settlement

228  The concentration of Fe (Table 2) in sediments inbth from Shiroro had higher concentration of 26629+
229 487.97 mg/kg at the downstream area and 15546.310:90 mg/kg at the upstream area. Samples frongetun
230 had Fe concentration of 7447.33 £ 139.07 mg/kf@patdownstream and a concentration of 5446.33 #48189/kg
231 at the upstream area which is lower than the for(iagyure 4 and 5). The higher concentration fronr@b could
232 be due to anthropogenic sources of contaminatigmeaally at the downstream area. These results e@npared



233  with those obtained from sediments collected indP@a (17788.12 mg/kg) by Greany [32]. However, tle F
234 concentrations from the present study were alldrighan 20000 mg/kg as recommended by CBSQG fomseds
235  [33].

236

237  Table2: Concentration of Heavy Metalsin Sediment Samplesfrom Shiroro and Zungeru Fishing Settlements
238 (ma/kg)

Sample Sites
Metal SU SD ZU ZD Standard Limit
Mn 402.33+32.08 370.17+27.10 116.83+4.69 164.67+7.63 300.00 USEPA 2004
Fe 15546.11+310.90 26629.50+487.97  5446.33+118.49 7447.33+139.07 20000.00 CBSQG 2003
Cu 30.17+5.86 24.50+1.3% 2.00+0.86 4.33+0.29 18.70 USEPA 2004
Zn 103.33+3.08 84.33+3.88 21.33+1.37 17.33+4.78 124.00 USEPA 2004
Cr 16.33+1.06 8.83+0.17 5.17+0.40 7.17+0.16 43.00 CBSQG 2003
Cd BDL BDL BDL BDL 0.68 USEPA 2004
Pb 15.67+9.86 9.5045.41" BDL BDL 30.20 USEPA 2004
Ni 35.67+7.0% 30.33+3.5% 1.67+0.07 8.50+0.50 23.00 CBSQG 2003

239 Values represent mean * SD of triplicate resulésnfes with the same superscripts across row drggmificantly
240 different at P< 0.05 while sample with different superscripts asrocow are significant difference atF0.05. SU:
241 Shiroro Upstream, SD: Shiroro Downstream, ZU: Zundggpsteam, ZD: Zungeru Downstream and BDL: Below
242 Detectable Limit. mg/kg: milligram per kilogram.

243

244 From Table 2, a higher concentration of 30.17 ®05&)/kg Cu was obtained from the upstream of Shiard
245 24.50 = 1.32 mg/kg from the downstream, while Zungescorded 2.0 + 0.86 mg/kg upstream and 4.3328 0.
246 mg/kg downstream (Figure 4 and 5). Similar valuesenobtained by Edward et al. [7] and Sabal. [34] from
247 River Delimi in Jos and Odo-Ayo River in Ado-Ekitith 1.98 = 0.18 and 0.83 to 0.84 mg/kg, which cangs with
248  the results obtained from Zungeru in the studytudg by EI-Zokm et al., [1] compares favourablywihe results
249 obtained from Shiroro of between 34 mg/kg and 2¢@kon The concentration of Cu in samples from Shinvas
250 above permissible limit of 18.70 mg/kg as recomnaehtby USEPA, while those from Zungeru were within
251 permissible limits [31].

252

253 From Table 2 and Figure 4 and 5, Zn concentratioeeidiment samples from Shiroro downstream gava384.
254 3.88 mg/kg and upstream 103.33 + 3.08 mg/kg. Simddues were obtained for Stream Sediments oSthéeh Dry
255 Sac River (89.0 to 123 mg/kg) by Gwenda [35]. Hogrewll the results obtained for Zn in sedimentsrirthe
256  sample were lower than the 124.00 mg/kg recommehg@dSEPA for sediments [31].

257

258  The concentration of Cr as shown in Table 2 rarfgea 5.17 + 0.40 to 16.331£1.60 mg/kg in all sampleanean
259 concentration of Cr 16.33 + 1.06 mg/kg was obtaimdhe upstream area of Shiroro, which was twioe t
260 concentration, obtained from the downstream are& &3 + 0.17 mg/kg. However, Zungeru recorded X740
261 and 7.17 = 0.16 mg/kg at the upstream and downsti@aa respectively (Figure 4 and 5). Results nbthivere
262 less, compared to 52.34 to 311.69 mg/kg reporteBarpkat et al., [36] in Morocco and Oyakhilomekt [37] for
263 Sediment Samples (0.29 to 0.41 mg/kg) from Owené&iNurpose Dam, Ondo State, Nigeria. Concentratib@r
264 in this study did not exceed the limit of 43.00 kegfecommended by CBSQG [33].
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Figure5: Mean Heavy M etal Concentrationsin Sediment Samples from Zungeru Fishing Settlement

The Cd concentration was below detection limits [(BIh both Shiroro and Zungeru, as shown in Tabl&taus,
indicating a little or no toxicity of the metal. iBhfinding differed from results for sediment saagpkeported by
Gwenda of 1.3 mg/kg [35] and in normal soil to @minated soil which ranged between 0.02 andr@4g in
various regions of Pakistan by Amir Waseem et abB].[ The values were below recommended maximum
permissible limit (0.68 mg/kg) of Cd reported by EFA [31].

The Pb concentrations was below detection limit (Bh sediment samples obtained from Zungeru, h@amev
downstream area of Shiroro had mean Pb concentratidd.50 + 5.41 mg/kg as indicated in Table 2, levhi
concentration of 15.67 + 13.80 mg/kg was obtaimednfthe upstream area (Figure 4 and 5). These valage
however lower than values obtained in various @asigions of Pakistan in the coastal sedimenth@fArabian
sea along the urban Karachi of Pb 123/kg and from surficial sediments of Lyari RivdrRb 49.5mg/kg by Amir
Waseem et al. [26]. The increased level of Pbénupstream area could be as a result of humarnitagias evident
at this point and further diluted in process ofafltowards the downstream area. A permissible loh80.20 mg/kg
Pb in sediments as recommended by USEPA was howeteixceeded from the obtained result [31].

The sediment samples Shiroro had higher concemtraif Ni as compared to sediment samples from Zunge
(Table 2). Concentrations of Ni 30.33 + 3.51 and635t 7.01 mg/kg were obtained in sediment samfr@s
downstream and upstream areas of Shiroro respBgtiveile Ni concentrations of 1.67 + 0.07 mg/kgsaebtained

for upstream and 8.50 £ 0.50 mg/kg at the downstreeea (Figure 4 and 5). Studies by Oyakhilomel.e{3v]
reported the concentrations ranging between 1.24kgnp 2.07 mg/kg from Owena Multi-Purpose Dam, @nd
State, Southern Nigeria which was similar to resolbtained from Shiroro and Zungeru. A permissiistét of
23.00 mg/kg Ni in sediments samples as recommebge@BSQG was however not exceeded from the result
obtained in Zungeru but was exceeded by resultmdd from Shiroro from the present study [33].

3.3 Heavy Metalsin Fish

From results in Table 3, it can be observed thatctincentration of Mn in catfish samples from Stureas 56.50 +
1.21 mg/kg while catfish samples collected from gemu was 38.67 + 1.79 mg/kg Mn, indicating higher Mvels
in samples from Shiroro (Figure 6). Studies by Emdjal. [21] and Sen et al. [38] reported a maximu
concentration of 6.18 mg/kg in fish, from River Ben North-Central Nigeria and 5.14 mg/kg in Riveanyuna
(Delhi), India respectively. These values were Iowean this present study. Findings of Saeed arak&hare
between 26.13 mg/kg and 42.12 mg/kg for Mn in NemthDelta Lakes, Egypt, however compares favouralily
this present study [39]. The result from the stuekceeded the permissible limits of 2.0 to 9.0 mgésy
recommended by FAO/WHO [40].

Concentration of Fe as seen from Table 3 gave axmelue of 1482.83 + 99.50 mg/kg for catfish frommirSro.
This value was higher than that obtained valuesifEungeru of 1331.00 + 46.98 mg/kg (Figure 6). Bhisrno
variation in result at R 0.05 level. Results from present study is far gmethan those reported by Oyakhilome et
al. [37] and Ismaniza and Idaliza [10] ranging fr@m11 to 37.99 mg/kg form Owena Multi-Purpose D&ndo
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State, Southern Nigeria and 31.90 to 743.0 mg/kgTasik Mutiara, Puchong respectively. The levelsFe

concentration in the catfish samples from bothrevare far greater than the permissible limits 08 mg/kg as
recommended by FAO/WHO [40]. This variation coutdditributed to high residual Fe in sediments fomndater

which may have led to their accumulation in fistotigh interaction in water with possibly mild cadhtrtion from

anthropogenic influences.

Table 3: Concentration of Heavy Metalsin Catfish (Clarias gariepinus) Samples from Shiroro and Zungeru
Fishing Settlement (mg/kg)

Sample Sites
Metals FS Fz Standard Limit
Mn 56.50+1.2% 38.67+1.79 2.0-9.0 FAO/WHO 1999
Fe 1482.83+99.50 1331.00+46.98 43.00 FAO/WHO 1999
Cu 5.67+0.76 4.00+0.50 3.00 FAO/WHO 1999
Zn 75.50+6.22 160.83+12.18 60.00 FAO/WHO 1999
Cr 1.17+0.03 5.00+0.23 2.30 WHO 2008
Cd 0.17+0.09 2.83+0.69 0.03 WHO 2008
Pb BDL BDL 0.30 WHO 2008
Ni 0.33+0.08 BDL 0.30 WHO 2008

Values are means + SD of three determinations. &smyith the same superscripts across row areiguoifisantly
different at P< 0.05 while sample with different superscripts asroow are significant difference aF0.05. FS:
Fish Shiroro, FZ: Fish Zungeru and BDL: Below Détdde Limit. mg/kg: milligram per kilogram.

The concentrations of Cu in the catfish sampleshasvn in Table 3 and Figure 6 were 5.67 + 0.76 mgikd 4.00
+ 0.50 mg/kg for catfish samples from Shiroro anmh@eru respectively. There was no significant \ammain result
at P< 0.05 level. Values obtained by Oyakhilome et &F][for Cu (1.42 mg/kg) from Owena Multi-Purposena
Ondo State, Southern Nigeria are slightly lowemtliae present study. However, Ismaniza and Idallzained
results of 0.01 to 20.80 mg/kg in fish from Tasikufidra, Puchong, which compared favourably with phesent
study [10]. The levels of Cu obtained in the préstady were higher than the permissible limit d®mg/kg as
recommended by FAO/WHO [40].

o™
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Figure 6: Mean Heavy M etal Concentrationsin Catfish (Clarias gariepinus) Samples from Shiroro and
Zungeru Fishing Settlements

The concentrations of Zn in the catfish samplebl@& and Figure 6) were 75.5 + 6.22 mg/kg for &tarand

160.83 + 12.18 mg/kg for Zungeru with significamatriation in values at R 0.05. Zhang et al. [41], reported a mean

concentration of 10.4 £ 5.3 mg/kg in the muscledigli samples analysed in Banan Section of Chomgériom
Three Gorges Reservoir, China while Edward et7).reported mean concentration of 0.95 mg/kg $sh 8amples
from Odo-Ayo River in Ado-Ekiti, Ekiti-State, Nigier respectively. These concentrations fall shorthef present
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study, however, it compares favourably with resudsorted by Benzer et al. [13] which ranged betwgg.24 —
224.59 mg/kg from Mogan Lake (Turkey). However,disvof Zn in the present study were higher than the
permissible limit of 60.00 mg/kg recommended by PAGIO [40].

From Table 3, the concentration of Cr was highethia catfish samples from Zungeru compared to #téisb
samples from Shiroro with each having concentration5.00 + 0.23 mg/kg and 1.17 * 0.02 mg/kg retpely
(Figure 6). These concentrations compares well wighvalues obtained by Benzer et al. [13] of Ing’kg and
6.45 mg/kg for fish samples from Mogan Lake (Tufke§habanda and Itodo recorded 0.47 mg/kg in msisuie
fish which was lower than that of the present sti4d}. The finding of Eneji et al. [21] obtainedhige value of 29.8
mg/kg to 31.6 mg/kg in Tissue and Gills of Fish $taa from River Benue, North-Central, Nigeria whiskre
greater than the values in the present study. Thgimum permissible limits of 2.30 mg/kg for Cr inod
recommended by WHO was however exceeded in fistpesnfrom Zungeru but were within limit for fishraple
from Shiroro [24].

Concentrations for Cd in catfish samples as showhable 3 and Figure 6, indicates that lower cotre¢ion of

0.17 £ 0.09 mg/kg was obtained in catfish samplesfShiroro, while higher concentration of 2.83 .69 mg/kg

was obtained in catfish samples from Zungeru wigimicant variation in results at R 0.05 level. Ozturk et al.
[11] also obtained concentration ranging from 0t10.01 to 0.79 + 0.33 mg/kg from Avsdar Dam LakeTurkey

which compares favourably with the catfish samplaltected from Shiroro but lower than the catfisimples from
Zungeru. Also, Ackacha et al. [43] reported Cd @ariations ranging from 0.33 to 2.68 mg/kg in vasispecies of
fish analysed from Mediterranean Sea (Libyan coetiwhich compares favourably with the presentdwtu
Results of both samples from Shiroro and Zungeneed the permissible limits of 0.03 mg/kg as recemed by
WHO, thus, indicates Cd pollution [24].

From Table 3, it can be observed that Pb is beletealable limits (BDL) for fish samples from bothi®ro and
Zungeru indicating the absence of the metal (Figyrd his study compares well with that reportedsmaniza and
Idaliza and Shabanda and Itodo of BDL and 0.01%kaqwggspectively [10,42]. Other study by Oyakhiloatel and
Ackacha et al. however, were greater than the ptestedy and ranged between 0.15 to 0.19 mg/kdabidto 2.39
mg/kg in Owena Multi-Purpose Dam, Ondo State, SenmttNigeria and Mediterranean Sea (Libyan coagtline
respectively [37,43]. Therefore, the concentratibiPb from the present study falls within WHO pessilble limit

of 0.30 mg/kg for fish and edible foods [24].

The concentration of Ni was present in only catBsimples from Shiroro with concentration of 0.38.@8mg/kg
while Ni was below detectable limit (BDL) in catiissamples from Zungeru as shown in Table 3 andr&igu
Aderinola et al[44] reported Ni concentration of 0.01 + 0.00 mglhkgfish from Lagos Lagoon which compares
with samples obtained from Zungeru while Amiratakt[44] obtained concentrations ranging from 3t8d.41 to
3.97 + 0.17 mg/kg which was higher than the presgatly. Similarly, Mohammadi et al. [9] also remait
concentrations ranging between 0.59 + 0.01 mg/ldylaA3 + 0.03 mg/kg in fish from Karoon and Dez €t of
Khuzestan, Iran, which compares with results olethifitom Shiroro. However, maximum permissible lifioit Ni
(0.30 mg/kg) does not exceed for all samples WH4.[2

4. CONCLUSION

Heavy metal accumulation in water, catfish and reedit from this study should be of major concerthto people
of Shiroro and Zungeru. Although, health guidelimesre not exceeded for water samples except Fehdavy
metals in catfish, Mn, Fe, Cu and Cd exceeded msibie limit, while elevated values of Mn, Fe and éxceeded
maximum limits recorded in sediments. In the resalitained for water samples, it was observedrttestn metal
concentrations were higher in Zungeru than in Stiexcept for Ni and Cu which were highest at Shiré®b was
absent in both sites. Results from Shiroro alsavelbthat average contaminations were higher atiplseream area
compared to the downstream area and this couldttieuted to the high activity experienced in thiga due to the
local market. There was a similar trend recordeduwstgeru which might be due to the flow directidrttee river.
The pattern of heavy metal concentration from Sbingas in the decreasing order of Fe > Cu > Cr >Zhn > Cd
> Ni while for Zungeru it was in decreasing ordéf~e > Zn > Cr > Mn > Cu > Cd > Pb, Ni respectiveBatfish
(Clarias gariepinus) from Shiroro contained higher levels of Mn, Fay &d Ni while catfish from Zungeru had
higher levels of Zn, Cr and Cd with no Pb presantatfish from both site as evidence in the waaen@es. Results
also showed that Mn, Fe, Cu and Cd exceeded pébieidenits set by relevant bodies for catfish sa@spfrom
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both sites, while Cr was above allowable limits ¢atfish from Zungeru. Accumulation of metals waslécreasing
order of Fe > Zn > Mn > Cu > Cr > Ni > Cd > Pb @atfish from Shiroro and Fe > Zn > Mn > Cr > Cu & €Pb,
Ni for catfish from Zungeru respectively. Therefdreshows that this catfish caught from the tweerss may cause
health hazards for consumers. Accumulation of rmetals in decreasing order of Fe > Mn > Zn > Ni >>C@r >
Pb > Cd for sediment samples from Shiroro and fn>> Zn > Cr > Ni > Cu > Pb, Cd for sediment samiptan
Zungeru respectively. Concentrations of heavy metadediment samples were higher in Shiroro fornadital
analysed than sediment samples from Zungeru whith me due to heavy machinery and other equipmestt tes
generate electricity from the Shiroro dam. Alsaatild be as a result of its proximity to a localrket located close
to the river side.
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