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Original Research Article

Heavy Metal Concentrationsin Selected Fishes, and Water from
Orogodo River, Agbor, Delta Statein Nigeria

Abstract

This study determined heavy metal:- (lead (Pb),meach (Cd), copper (Cu), zinc (Zn) and iron (Fe) camtrations in
selected fish species includingBrycinus intermidusClarias gariepinus, Parachanna obscur@tenopoma kingsleyae,
Hemichromis bimaculatuand Phractolaemus ansorgeignd water from Orogodo River situated in Agbor, tBebtate,
Nigeria. Furthermore, the health risk exposureuimans who consume the fish and utilized the wat€rogodo River was
assessed. The mean (£S&dncentration of the heavy metal in water rangedchfi:Omg/l for Cd to 0.350.29mg/I for Fe.
The mean (£SD) concentration of metals in fish sgsecanged from 0.@86.02mg/kg for Cd iBrycinus intermiduso
187.9@89.59mg/kg for Fe ifParachanna obscuralhe Bioaccumulation Quotient (BQ) values rangexinfrd.51mg/kg for
Pb inHemichromis bimaculatu® 1297.13mg/kg for Fe iRhractolemus ansorget.he implication of this finding is that a
continuous intake of fish and water obtained frdms triver would have cumulative deleterious effect any aquatic
organism and man.

Keywords: Heavy metals, Fish, Water, Bioaccumulation Qumfielealth risks, Orogodo River, Nigeria
Introduction

Threats from pollutants in water supplies are urttier spotlight the associated adverse effects ®f th
pollutants on hydrobionts and habitat integrity j{€@we et al, 2013). Heavy metals are toxic because
they are persistent, non-biodegradable and readiymulate in water, soil, bottom sediments anddiv
organisms. Currently, there is an increasing edcddgnd global public health concern associatetth wi
environmental contamination by heavy metals.

Also, human exposure has risen dramatically asaltref an exponential increase of their use iresav
industrial, agricultural, domestic and technoloyagplications (Pautt al, 2014).

Heavy metal pollution affects aquatic ecosysteragrity as metals tend to be accumulative in thehio
food webs with apex predators like crocodiles (deeRe et al. 2016) and human beings at health risk
(Sparks et al. 2017) Severity of the exposure riksves from the persistent and accumulative eabdir

the metal species in the water phase (Alloway, 19902; Utete et al., 2013). As well the contribus of

the point and non point sources of metal pollutietermines their concentrations in a water bodya{kKh
2009). For the Agbor State major anthropogenicEaiof heavy metal pollution are mining and smeltin
activities, atmospheric deposition, disposal ofremtied/partially treated urban and industrial effiis,
metal chelates from different industries, and haptth use of heavy metal-containing fertilizers and
pesticides during agricultural activities (Nkonyeas2010; Oyem et al., 2015).

Regardless, heavy metals are some of the majoamimating agents in our food supply (Khair, 2009;
Wepener et al. 2011; Sparks et al. 2017). Fishrhbseavy metals from the surrounding water throagh
number of pathways though not for most speciegtle which are the primary route for the uptake of
water borne pollutants (Luoma and Rainbow, 2008shfraet al, 2014; Alaa et al., 2015; Fredriek al.,
2014). The communities through which Orogodo Riweansverses are predominantly agricultural
communities, thus the river is subject to dumpirfigagricultural wastes. The river also serves as the
drainage point for all run off wastewater produdedustrially or domestically within the Agbor
metropolis and beyond as majority of the drainag@noels constructed by the State and Local
Government within the Agbor metropolis and surraogdvillages, aimed at controlling flooding and
checking erosion are channelled directly into fiaerrat various points along the river length.

Despite that most community members diversify ifidbing as an alternative livelihood, and to sustai
and supplement their nutritional requirements dgflgdn the off agricultural season. Fish formstpaf
their meal intake, however, humans may be at rigk td metal contamination in fish tissues and water
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derived from catchments pollutionhus, it is imperative to assess the metal polluiiothe wate phas
and the different fish species utilised by the camities along the Orogodo River. It is prudent &il wo
estimate the health risks posed by exposure to rirgger and consumption fish therein This study
aimed to determine theoncentratior of heavy metal (Pb, Cd, Cu, Fe and #mater and selected fi
species in the Orogodo River in Agbor located m Erelta state in Nigeria. The underlying objectives
to estimate the hdhlrisks posed by exposure water and consumptidistofrom the rivel

MATERIALSAND METHODS
Study area

The study was conducted alo@yogodo River which is located within Latitud’43'N and 5°30'N an
Longitude 6°20'E and 6°12'E (Rure 1). The geology of the area is mainly of the recentiair
sedimentary sand stone. The climate of the studg axhibits the characteristics of a sub equai
climate with an annual mean air temperature ¢C (Oyem et al., 2015). The rainfall patter that of
double peaks or maximal with mean annual rainfafl,825mm; while the mean relative humidity is 8:
and the soil type is regellow ferrasols (Avwundiogba, 200(The rainy season is brought about by
SouthWest Trade Wind blowing across Atlantic Ocean, while the dry, dusty, and oftendcblortt-
East Trade Wind blowing across the Sahara desemindtes the dry season with a short spel
Harmattan (Puyate, 20077he Rive has its source at Mbiri village at an elevation oD% above ea
level. It meanders aritbws through Agbor and Aba' communitiespoth in Ika South Local Governme
Area to ObazagboNugu and Evboesi both in Orhionmwon Local Governimgrea, Edo State ar
finally empties into a swamp near Abraka in Detttes (Mey« and Ikomi, 2012)Three sampling statior
were established along the stretch of the rivevilaiti (6.30° N, 6.27°E) , Agbor6(25° N, 6.20° Eand
Obazagbon (6.20°N, 6.40°Ejith the most upstream study site at station onéifiMand the mos
downstreanat station three (Obazagbc
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Figure 1 Map of study area showing sampling stat
(Source: Mogborukor, 2014)
Sample collection

Fish species were caught by the local fishermemggill nets. The fish samples were thee-packed and
transported to the laboratory where they were ifledtusing literature (key) as provided by Idodmé&h
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(2003) and photographed using a digital camera N8Qapixels). Water samples were collected using
llitre capacity plastic bottle with screw cap atepth of 0-0.5m at each sampling station. The stualy
carried out from November 2015 - April 2016.

Digestion and Analysis

The acid digestion process used for both the veatdrfish is a strong digestion method and was chese
that the total metal content could be estimate@ Whter sample was aspirated into a flame and a&ami
Metals in the sediments were also analysed usingS;After acid digestion to extract the metals frtbe
sediments. This procedure consisted of two pakjsDigestion: the sediments were oven-dried at@m°

an analytical oven (DHG-9023A) until constant weigbas attained. Then 5 ml nitric acid and 2 ml
perchloric acid were added to 1 g of the oven-dsechple. The mixture was heated on a hot platé unti
fumes were produced and allowed to cool to roomptature. (2) Acidification: 5 ml of 50%
hydrochloric acid was added to the mixture fromfite digestion. The acidified mixture was heatgxdil
boiling and then was cooled to room temperature atidified mixture was filtered and distilled wate
was added to the filtrate in a volumetric flasktaghe 100 ml mark. Fish digest and water sampleew
analyzed for Cu, Zn, Fe, Cd and Pb by means of @mmi& Absorption Spectrophotometer AAS (PG
Instruments AA-500F series, Leicestershire,Unitedgdom) equipped with solar software using air
acetylene flame and also with lamp with Ultravioleavelength changed at intervals for the analysis o
each metal (Greenberg et al. 1980).

Quality control

Quality control was assured by the use of procédbl@nks and standards. In each case a known
concentration of the standard solution was assaftedevery 10 samples to verify the analyticalliyaf

the result because there was no standard refereatsgial available. In all the cases for water fsid, a
preparation/reagent blank was prepared for evergatfiples and all the concentrations were below the
detection limits. Each sample was analysed initdpé for repeatability with a relative SD < 5% falt
metals analysed. Concentrations of Cu, Zn, Fe,r@dRb were then determined using AAS (Cu, Pb, Zn,
Cd, Fe, Ni and Cr in liver, gills, kidney and mweselere then determined using FAAS (Greenberg et al.
1980). The concentration of heavy metals in watas wxpressed in mg/l, while concentration values in
digested fish samples were expressed in mg/kg.

Calculation of bioaccumulation quotient (BQ) for heavy metals

This expresses the ability of fish to accumulat@vyenetals above environmental concentrations (Ajled
and Okocha, 2011).

Heavy metal concentration in fish (mg/kg)

BQ=

Heavy metal concentration in water (mg/l)
A BQ value >1 indicates bioaccumulation of a heatal by fish.
Statistical Analysis

Data generated from the study were analyzed usiBYSTAT computer software (Version 12.1 for
Windows). One-way analysis of variance (ANOVA) wased to test for significant differences between
mean values of metals at 5% level of probabilitgwNDuncan multiple range test was used to separate
significant means.

RESULTS

Table 1: Mean (x SD) concentration of heavy metalg/l) in water obtained from the sampling stations

Stations Pb Cd Cu Zn Fe
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Mbiri 0.02(°+0.00¢ 0.00°+0.001 0.02¢°+0.01¢ 0.07¢+0.05: 0.13%+0.06:
Agbor 0.012+0.009 0.005+0.002 0.035+0.021 0.077+0.054 0.127+0.014

Obazagbon 0.008+0.004 0.008+0.003 0.030+0.025 0.095+0.045 0.195+0.101

Heavy metalsin water

Mean concentration of Pb in water ranged from OnmgNlovember to 0.03mg/l in January while a mean
concentration of 0.013mg/l was recorded for thelysfoeriod. Mbiri recorded the highest concentratbn
Pb in water (0.20mg/l) while the least Pb concdimnawas observed in Obazagbon (0.008mg/l). Cd
concentration in water during the study ranged fri@mg/l in November, December, and February to
0.07mg/l in January while Obazagbon recorded thbdst Pb concentration in water (0.008mg/l). Mean
concentration of Cu recorded during the study rdrikighest in November, March and April (0.04mg/l)
while the least concentration was recorded in Jan{@01mg/l). The mean concentration of Zn in wate
ranged from 0.04mg/l in January to 0.17mg/l in Delber while a mean concentration of 0.08mg/l was
recorded during the study. Obazagbon recorded itifeest mean concentration of Zn (0.095mg/l) while
the least concentration was observed in Agbor {@@yl). The mean concentration of Fe in the sampled
stations varied between 0.122mg/l for Agbor to 8§/l in Obazagbon while the mean concentration of
0.15mg/l was observed during the study. There weresignificant differences (P>0.05) in the mean
concentration of Pb, Cd, Cu, Zn and Fe in watewbenh the sampled stations. Significant differenveese
observed in the mean concentration of Cd, Cu anihReater between the sampled months while no
significant differences were observed in the mearcentration of Pb and Zn between sampled months.

Heavy metalsin fish

The mean concentration of Pb in fish during thelgtanged from 0.60mg/kg in November to 2.68mg/kg
in March while a mean concentration of 1.82mg/kg whserved during the study. Mean concentration of
Pb in fish species ranged from 0.06mg/kgHn fasciatusto 2.76mg/kg inP. ansorgei The mean
concentration of Cd in fish during the study ranffedn 0.03mg/kg in December to 0.47mg/kg in January
while mean concentration of Cd in fish species eahfjom 0.06mg/kg ifB. intermidusto 0.615mg/kg in

P. obscuraThe mean concentration of Cu in fish during thuglg ranged from 1.97mg/kg in November to
10.57mg/kg in April while mean concentration of Big/kg was recorded during the study. Mean
concentration of Cu in fish species ranged frondith@/kg inC. kingsleyedo 10.07mg/kg irP. ansorgei
The mean concentration of Fe in fish during thegttanged from 3.5mg/kg in November to 286.1mg/kg
in December while a mean concentration of 129.7Rgghas observed during the study. Mean
concentration of Fe in fish species ranged fromM®mg/kg inC. kingsleyedo 274.15mg/kg ifP. ansorgei
The mean concentration of Zn in fish during thelgttanged from 22.96mg/kg in February to 82.30mg/kg
in January while mean concentration of 61.62mg/kg vecorded for the study. Mean concentration of Zn
in fish species ranged from 14.08mg/kgHn bimaculatusto 91.62mg/kg inP. obscura No significant
difference was observed in the mean concentratio€d in fish between months while significant
differences were observed in the mean concentratideb, Cu, Zn and Fe between montBgnificant
differences were observed in mean concentratiofCaf Cu, Zn and Fe between months while no
significant difference was recorded in the mearceatration of Pb between months.

Bioaccumulation Quotient (BQ) valuesfor chemical elements

The BQ values ranged from 4.51 for PHinbimaculatugo 1297.13 for Fe i. ansorgei
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Table 2: Mean (x SD) concentration of heavy mefaig/l) in water during the study

Months Pb Cd Cu Zn Fe
November 00 0%0 0.04°+0.02 0.08+0.05 0.04+0.02
December 0.0240.01 0%0 0.0940.02 0.1740.12 0.35+0.29
January 0.03+0.02 0.07°#0.02 0.0+0.01 0.04+0.03 0.16%0.09
February 0.07+0.01 0%0 0.07°+0.02 0.07#0.04 0.1G+0.06
March 0.07+0.01 0.01+0.01 0.04+0.02 0.06%0.04 0.11+0.08
April 0.0+0.01 0.0+0.01 0.04%0.01 0.08+0.03 0.14+0.08
WHO threshold 0.01 0.01 2.00 3.0 0.3

Table 3: Mean (£SD) concentration of heavy metalg/kg) in fish during the study

Months Pb Cd Cu Zn Fe
November 0.60+0.47 0.18+0.10 1.97+1.33 48.97%22.12 3.5+1.2
December 2.3%+1.98 0.03+0.01 3.73'#2.98 70.34+35.21 286.1+123.2
January 2.40"42.13 0.47+#0.38 6.56"°+4.32 82.30+54.32 100.3°%89.1
February 0.77+0.58 0.1740.15 6.86°43.25 22.96+15.41 22.0"+12.8
March 2.68+1.97 0.2640.22 10.56%4.67 73.06+34.67 179.6°+119.3
April 2.2742.01 0.25+0.19 10.57#3.27 72.06+43.21 186.8°101.8
FAO threshold 0.5 0.5 30 30 100

Table 3: Heavy metals (Mean + SID)fish species obtained during the study

Fish species Pb Cd Cu Zn Fe

Clarias gariepinus 1.87+054 0.195+0.071 7.97+3.42 52.6P+32.13 125.03+78.92
Brycinus intermidus 0.57+0.23 0.060+0.010 4.00°+1.85 77.08+34.10 60.20+26.51
Parachanna obscura 2.60#1.23 0.615+0.235 6.97°22.34 91.62+54.21 187.90¢89.59
Phractolemus ansorgei  2.76+1.76 0.100+0.081 10.07+6.78 71.09444.32 274.15+67.87
Ctenopoma kingsleyea  0.29+0.11 0.230+0.120 1.34+0.89 28.30+12.35 5.70%2.31
Hemichromis bimaculatus 0.06+0.02 0.150+0.090 5.11°+3.21 14.08+6.87 11.0+4.53
FAO threshold 0.5 0.5 30 30 100

Table 4: Bioaccumulation quotient (BQ) in fish sigsmbtained from Orogodo River



Fish species C. gariepinus B.intermidu P.obscura P.ansorgei C.kingsleyea H.bimaculatus

Pb 140.60 42.5] 195.49 207.52 21.80 4.51]
Cd 34.82 10.71 109.82 17.86 47.06 26.7¢
Cu 265.67 133.3¢ 232.33 334.67 44.67 170.3:
Zn 630.82 924.2: 1098.56 852.40 339.33 168.8:
Fe 833.33 401.3: 1252.67 1297.13 38.00 73.3¢
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DISCUSSION

Heavy metals are ubiquitous and chemically stadehey can be expected to be present in all patte
biotic and abiotic matter. Heavy metals may bedlliyeabsorbed by organisms but are also transferred
from lower to higher trophic levels of the food @haThe high accumulation of heavy metals in these
components can result in serious ecological changes

Heavy metalsin water

Mean concentration of Pb ranked highest in Mbiricasnpared to other stations; however, the mean
concentration observed in this station was no Sagmitly higher than what was observed in otheticta.

The higher concentration of Pb may have been dileet@nthropogenic activities occurring at thisewat
front (washing of cars and motor bikes). In thiglst the concentration of Cd, Zn and Fe in wate¢aioled
from Obazagbon ranked higher than values recomeathier sampling stations. The situation observed
here could be due to the market activities occgrehthe water front. The mean concentration oficCu
water was higher than the corresponding mean leateldbiri and Obazagbon. This could be due to the
effect of sewage effluents from the drainage systdmch opens into the river at this station. Thituehts
made of sewage and surface run-offs from the tovuidcbe laden with Cu thus increasing the levehef
metal at the station. In this study, it was obsewat mean concentration of Cd, Cu, Fe, Pb anch#ked
higher during the dry season months (November, Dbee, January, February and March) as compared to
the rainy season month (April). This may have bder to reduced water volume owing to higher
temperatures and increased evaporation during mhesehson. In this study, it was observed that the
concentration of Zn, Cu and Fe in water were lotlian the maximum recommended limit while the level
of Pb and Cd was higher than the values recommelmgl&landard Organization of Nigeria, (SON, 2007)
and World Health Organization, (WHO, 2006).

Heavy metalsin fish

Aquatic animals (including fish) bioaccumulate gametals in considerable amounts metals and dtore i
over a long period of time in the bone, liver arilsgas a result of their different physiologicalles
(Fredricket al, 2014). The high accumulation of heavy metalthese components can result in serious
ecological changes. One of the most serious resfilise persistence of these metals is their bio&g
amplification in the food chain. In this study, threean levels of Cd, Fe, Pb and Zn in fish rankeghéxi
during the dry season months (November, Decembanaly, February and March) as compared to the
rainy season month (April). Similar trend was alsoserved by Obasohan and Eguavon (2008) in
Erpetoichthys calabaricusbtained from Ogba River, Edo State. They attrithutee trend to increased
evaporation during the dry season. The rate ofdois@ulation of heavy metals in aquatic organisms
depends on the ability of the organisms to metabdlie metals and the concentration of such methle
river. The bioaccumulation of heavy metals variedn®en species, ages, sex and organs. In gereral, t
target tissues of heavy metals are metabolic acties which accumulate high levels of metal in fabh

as liver and gills, whereas in muscles where theabadic activity is relatively low accumulates Idssel

of heavy metals (Alaat al, 2015). In this study, higher level of Pb andW@re recorded ifP. ansorgei

as compared to other fish species wRilebscurahad higher concentration of Cd, Zn and Fe as coedpa
to other fish species. It was observed that theeatnation of Pb, Cd, Zn and Fe in fish obtainedndu

the study were higher than the values recommengdebbd and Agricultural Organization, (FAO, 2006)
and WHO (2006) while the concentration of Cu wawedp than the recommended values by the
aforementioned bodies.

Bioaccumulation Quotient (BQ)

The Bioaccumulation Quotient of the metals in &l tspecies investigated was greater than 1 thus
indicating that there was bioaccumulation of aél thetals in this study, however, the highest BQieval
was observed for Fe iR. ansorgei The high BQ observed in Fe may have been duéeohtgh
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212 concentration observed in water. Akueshil (2003) asserted that heavy metal concentraticagiratic
213  fauna is often proportional to the levels in theuaic environment in which the fauna resides. The
214  variations in the BQ value observed in the fishcggemay have resulted from variations in feediabits
215  or age of the fish species. Rometoal (1999) observed a lower concentration of heaviataén pelagic
216  fishes than those of benthic fishes. However, tQef@& Cu, Zn and Pb recorded in this study werddig
217  than values observed by Wangbejeal (2014) for Cu (1.06), Zn (50.13) and Pb (1.55)Cimssostrea
218 gasar

219 CONCLUSION

220 The study show that the concentration of Zn, Cu &edin water were lower than the maximum
221 recommended limit while the concentration of Pb &wlwas higher than the values recommended by
222  Standard Organization of Nigeria, (SON, 2007) anarldVHealth Organization, (WHO, 2006). Also, the
223 concentration of Pb, Cd, Zn and Fe were higher tharvalues recommended by Food and Agricultural
224  Organization, (FAO, 2006) and WHO (2006) while thencentration of Cu was lower than the
225  recommended values by the aforementioned bodies.cbhcentration of these heavy metals in the fish
226  and water thus indicate that it will have cumulatideleterious effect on any aquatic organism and ma
227  who feeds on the fish and drinks the water. Thus iecommended that there is the need for wasterwa
228  to be treated and channeled from drainages intold&ds for irrigation purposes; carrying out of sias
229  awareness campaign on the environmental hazaraspobper refuse disposal through the various forms
230 of media. This will help in enlightening the publin their individual roles as regarding wastewater
231  generation and constituents.
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