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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 in Hemichromis bimaculatus 1297.13mg/kg for Fe iRhractolemus ansorgelhese results imply that continuous
intake of fish and water obtained from this rivesuld have cumulative deleterious effect on aquaii@nisms and man.

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

Threats from pollutants in water supplies are urlerspotlight owing to the associated adversetsffef

the pollutants on hydrobionts and aquatic habitegrity (Orjiekweet al, 2013). Heavy metals are toxic
as they are persistent, non-biodegradable andlyeadtumulate in water, soil, bottom sediments and
living organisms. Currently, there is an increastnglogical and global public health concern asgedi
with environmental contamination by heavy metalsatd/ metals are ubiquitous and chemically stalole, s
they can be expected to be present in all parthefbiotic and abiotic matter. Heavy metals may be
directly absorbed by organisms but are also traresfefrom lower to higher trophic levels of the o
chain. The high accumulation of heavy metals ins¢heomponents can result in serious ecological
changes.

Also, human exposure to heavy metals has risenatieaily as a result of an exponential increastheir
use in several industrial, agricultural, domestid gechnological applications (Pailal, 2014).

Heavy metal pollution affects aquatic ecosysteragnty as metals tend to be accumulative in thphtio
food webs with apex predators like crocodiles (deeReet al. 2016) and human beings at health risk
(Sparkset al. 2017) Severity of the exposure risks derives fthmpersistent and accumulative nature of
the metal species in the water phase (Alloway, 12902; Uteteet al.,2013). As well, the contributions
of the point and non-point sources of metal pallutdetermines their concentrations in a water body
(Khair, 2009). For the Agbor State in Nigeria, magmthropogenic sources of heavy metal pollutian ar
mining and smelting activities, atmospheric depasjtdisposal of untreated/partially treated urlaad
industrial effluents, metal chelates from differamustries, and haphazard use of heavy metal-comga
fertilizers and pesticides during agricultural eitiés (Nkonyeasua, 2010; Oyeshal.,2015).

Regardless, heavy metals are some of the majoammimating agents in our food supply (Khair, 2009;
Wepener et al. 2011; Spar&sal. 2017). Fish absorb heavy metals from the surrowyndiater through a
number of pathways though (not exclusive) for nepgcies the gills are the primary route for theakipt

of water borne pollutants (Luoma and Rainbow, 20Q@hnaet al, 2014; Alaeet al.,2015; Fredriclet

al., 2014). The communities through which the Orog&iler transverses are predominantly engaged in
agricultural activities which are heavily reliamt morganic fertilisers, thus the river is subjectdumping

of deleterious agricultural wastes. The OrogodoeRialso serves as the drainage point for all rdn of
wastewater produced industrially or domesticallyhimi the Agbor metropolis and beyond. Because a
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majority of the drainage channels constructed gy $tate and Local Government within the Agbor
metropolis and surrounding villages, aimed at adimig flooding and checking erosion are channelled
directly into the river at various points along theer length.

Despite that most Agbor State community membergrdify into fishing in the Orogodo River as an
alternative livelihood, and to sustain and supplanibeir nutritional requirements especially in i
agricultural season. Fish forms part of their matdke, however, humans may be at risk due to metal
contamination in fish tissues and water derivednficatchment pollution. Thus, it is imperative tsess
metal pollution in the water phase and the diffefish species utilised by the communities along th
Orogodo River. It is prudent as well to estimate tealth risks posed by exposure to river water and
consumption of fish therein. This study aimed ttedmine the concentrations of heavy metal (Pb,dd,

Fe and Zn) in water and selected fish speciesanttogodo River in Agbor located in the Delta state
Nigeria. The underlying objective was to estimabe thealth risks posed by exposure water and
consumption of fish from the river.

MATERIALSAND METHODS
Study area

The study was conducted along Orogodo River whiclod¢ated within Latitude 5°43'N and 5°30'N and
Longitude 6°20'E and 6°12'E (Figure 1). The geoladythe area is mainly of the recent tertiary
sedimentary sand stone. The climate of the studg axhibits the characteristics of a sub equatorial
climate with an annual mean air temperature of 20gemet al., 2015). The rainfall pattern is that of
double peaks or maximal with mean annual rainfafl,825mm; while the mean relative humidity is 81%,
and the soil type is red-yellow ferrasols (Avwurgha, 2000). The rainy season is brought about by th
South-West Trade Wind blowing across the Atlantee&n, while the dry, dusty, and often cold North-
East Trade Wind blowing across the Sahara deserindtes the dry season with a short spell of
Harmattan (Puyate, 2007). The River has its soatddbiri village at an elevation of 150 m above sea
level. It meanders and flows through Agbor and Abesmmunities, both in Ika South Local Government
Area to Obazagbon-Nugu and Evboesi both in Orhioomvocal Government Area, Edo State and
finally empties into a swamp near Abraka in Detites (Meye and lkomi, 2012). Three sampling station
were established along the stretch of the rivevilaiti (6.30° N, 6.27°E) , Agbor (6.25° N, 6.20° Bhd
Obazagbon (6.20°N, 6.40°E) with the most upstreaudyssite at station one (Mbiri) and the most
downstream at station three (Obazagbon). The thitee were chosen so as to adequately reflect and
capture the pollution across the different land pesgerns available in the study area.
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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 Idodmét
(2003) and photographed using a digital camera K8e@apixels). Water samples were colle once
monthly using 1lcapacity plastic bottle with screw ¢ at a depth of @.5m at each sampling stat. The
study was carried ofitom November 201- April 2016.

Digestion and Analysis

The acid digestion process used for both the veatdrfish is a strong digestion method and was ¢ches
that the total metal content could be estimatea Water sample was aspirated into a flame and aéxh
Metals in thesediments were also analysed using FAAS, afterdigiekstion to extract the metals from
sediments. This procedure consisted of two pakjDigestion: the sediments were owdried at 75 °C it
an analytical oven (DH®G923A) until constant weight \s attained.Then 5 ml nitric acid and 2 n
perchloricacid were added to 1 g of the o-dried sample. The mixture was heated on a hot piatié
fumes were produced and allowed to cool to roompggature. (2) Acidification: 5 ml of 50
hydrochloric acid was added to the mixture fromfit& digestion. "he acidified mixture was heated ui
boiling and then was cooled to room temperatures atidified mixture was filtered and distilled we
was added to the filtrate in a volumetric flasktaghe 100 ml markFish digest and water samples w
analyzedfor Cu, Zn, Fe, Cd and Pb by means of an Atomicofjson SpectrophotometAAS (PG
Instruments AAS00F series, Leicestershire,United Kingdom) equippéth solar software using ¢
acetylene flame and also with lamp with Ultravioledvelength changect intervals for the analysis
each metal (Greenbegg al. 1980).

Quality control

Quality control was assured by the use of procédbl@nks and standards. In each case a kr
concentration of the standard solution was assaftedevery 10 sampl¢o verify the analytical quality ¢
the result because there was no standard refeneatezial available. In all the cases for water fsid, a
preparation/reagent blank was prepared for everga2fiples and all the concentrations were belov

3
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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 mueselere then determined using FAAS (Greenledrgl.
1980). The concentration of heavy metals in watas @xpressed 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 (Agled
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

Mbiri 0.02(°+0.00¢ 0.00¥+0.001 0.02%°+0.01¢ 0.07¢°+0.05: 0.13%+0.062
Agbor 0.017+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 Na@tebtable, Omg/l in November to 0.03mg/l in
January while a mean Pb concentration of 0.013mgA recorded for the study period. Station one
recorded the highest concentration of Pb in w&t&0mg/l) while the least Pb concentration was pieske

in station three (0.008mg/l). Cadmium concentratiowater during the study ranged from ND, Omg/l in
November, December, and February to 0.07mg/l iudignwhile station three recorded the highest Pb
concentration in water (0.008mg/l). Mean conceittnabf Cu recorded during the study ranked higlrest
November, March and April (0.04mg/l) while the leasncentration was recorded in January (0.01mg/l).
The mean concentration of Zn in water ranged frodd@g/l in January to 0.17mg/l in December while a
mean concentration of 0.08mg/l was recorded duttiegstudy. Station three recorded the highest mean
concentration of Zn (0.095mg/l) while the least camtration was observed in station two (0.077mg/l).
The mean concentration of Fe in the sampled swti@ried between 0.122mg/l for station two to
0.195mg/l in station three while the mean concéinmeaof 0.15mg/l was observed during the study.réhe
were no significant differences (p>0.05) in the meancentration of Pb, Cd, Cu, Zn and Fe in water
between the sampled stations. Significant diffeesr(p<0.05) were observed in the mean concentrafion
Cd, Cu and Fe in water between the sampled mortiiie no significant differences were observed ia th
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mean concentration of Pb and Zn between sampledhsio®verall, the concentrations of Pb and Cd
surpassed the WHO and most probably the localeftlastandards (Table 2).

Heavy metalsin fish

The mean concentration of Pb in fish during thelgtanged from 0.60mg/kg in November to 2.68mg/kg
in March (Table 3), while a mean concentration @2ing/kg was observed during the study. Mean
concentration of Pb in fish species ranged fron6@@kg inH. fasciatusto 2.76mg/kg inP. ansorgei
The mean concentration of Cd in fish during thelgttanged from 0.03mg/kg in December to 0.47mg/kg
in January while mean concentration of Cd in figlecses ranged from 0.06mg/kg B intermidusto
0.615mg/kg inP. obscuraThe mean concentration of Cu in fish during thelg ranged from 1.97mg/kg

in November to 10.57mg/kg in April while mean conication of 6.71mg/kg was recorded during the
study. Mean concentration of Cu in fish speciegeanfrom 1.34mg/kg i€. kingsleyedo 10.07mg/kg in

P. ansorgei The mean concentration of Fe in fish during tluelys ranged from 3.5mg/kg in November to
286.1mg/kg in December while a mean concentratiod29.72mg/kg was observed during the study
(Table 3). Mean concentration of Fe in fish spediaeged from 5.70mg/kg irC. kingsleyeato
274.15mg/kg inP. ansorgei The mean concentration of Zn in fish during thedg ranged from
22.96mg/kg in February to 82.30mg/kg in Januaryleviriean concentration of 61.62mg/kg was recorded
for the study. Mean concentration of Zn in fish dps ranged from 14.08mg/kg . bimaculatusto
91.62mg/kg inP. obscura No significant difference was observed in the meancentration of Cd in all
fish species sampled between months. Significdfagrdnces were observed in the mean concentrafion o
Pb, Cu, Zn and Fe in all fish species caught dutirey study excepCtenopoma kingsleyebetween
months. Significant differences were observed in mean cotmagon of Cd, Cu, Zn and Fe between
months while no significant difference was recoritethemean concentration of Pb between months.

Pb, Zn and Fe surpassed the FAO tissue level thidsshnd most probably the local thresholds, aigish
more significant for human health.

Bioaccumulation Quotient (BQ) valuesfor chemical elements

The BQ values ranged from 4.51 for PHnbimaculatugo 1297.13 for Fe i. ansorgei

Table 2: Mean (x SD) concentration of heavy mefaig/l) in water during the study period

Months Pb Cd Cu Zn Fe
November 00 0%0 0.04°+x0.02 0.08+0.05 0.04+0.02
December 0.07#0.01 0%0 0.0940.02 0.17+0.12 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 0.07+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
SON threshold 0.01 0.01 1 3 0.3
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Table 3: Mean (xSD) concentration of heavy metalg/kg) in fish during the study period

Months Pb Cd Cu Zn Fe
November 0.60+0.47 0.16+0.10 1.97+1.33 48.97422.12 3.5+1.2
December 2.37+#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 0.1240.15 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 for the period NovemberidAp

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 0.5740.23 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 71.09+44.32 274.15+67.87
Ctenopoma kingsleyae  0.29+0.11 0.230#0.120 1.34+0.89 28.30+12.35 5.7G+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 sigscobtained for the period November-April

Fish C. B. P. P. C. H.

species gariepinus intermidus obscura ansorgei kingsleyea bimaculatus
Pb 140.60 42.57 195.49 207.52 21.80 451
Cd 34.82 10.71 109.82 17.86 47.06 26.79
Cu 265.67 133.33 232.33 334.67 44.67 170.33
Zn 630.82 924.22 1098.56 852.40 339.33 168.82
Fe 833.33 401.33 1252.67 1297.13 38.00 73.33
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Figure3: Heavy metals in water during the st
DISCUSSION
Heavy metalsin water

Mean concentration of Pb ranked highest in N as compared to other stations; however, the r
concentration observed in this station was no Sagmtly higher than what was observed in o two
stations. The higher concentration ofat Mbiri (site one), which is located in the upatrereacheof the
Orogodo Rivermay have been due to tnumerousanthropogenic activities occurring at this watemfi
(washing of cars and motor bike®Vashbay effluent is toxic and impacts downstregesgiDanha et a
2014), though it has scarcely receivecention in pollution studies in Nigeria. We observetatively
higher concentrations d@d, Zn and F in water sampled at site 3, Obazagb®his site is the lowe:
downstream point in this study, thus, it tendsdbiect sewage effluent released from tream activities
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Moreso, there is an immediate open sewage chanmiehvdischarge close to the site hence this could
explain the high concentrations of Cd, Fe and Zwonmded. Open dumping of market waste is rife & thi
site such that metal laden leachate could be @ngdfe concentrations of Cd, Zn and Pb. There avas
significant temporal variation in the concentraioof Cd, Cu, Fe, Pb and Zn, with markedly higher
concentrations observed in the dry months of Nowwmbecember, January, February and March. This
may have been due to reduced water volume owinlgigber temperatures and increased evaporation
during the dry season (Wetzel, 2001). There wigmaficant spatial differences in metal concentas in
water regardless of the season. This is attribetabl different spatial anthropogenic activitiesdan
geogenic backgrounds of the three sites. Suchatimatmetal pollution redress and habitat rehahiitat
program should consider site specific hydrodynamuosrphometrics and hydraulics (Utete and Tsamba,
2017).

In this study, it was observed that the concemmatf Zn, Cu and Fe in water were lower than the
maximum recommended limit while the level of Pb &ulwas higher than the values recommended by
Standard Organization of Nigeria, (SON, 2007) andrl&/ Health Organization, (WHO, 2006). The
elements Pb and Cd are more toxic and persistedtttaus our finding points to the need for urgent
redress to minimize their effects and risks on hunmeealth in the Orogodo River. Though, the
concentrations of trace elements Zn, Cu and Feloaver than the WHO thresholds, it is prudent to
institute long term monitoring action as they areid at elevated levels (Spagkal.,2017).

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 anllsgas a result of their different physiologicalles
(Fredricket al, 2014). The high accumulation of heavy metalthegse components can result in serious
ecological changes. One of the most serious resfiltise persistence of these metals is their bio&lg
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, Decembaualy, February and March) as compared to the
rainy season month (April). Similar trend was alsioserved 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 metabdhe metals and the concentration of such methle
river. The bioaccumulation of heavy metals variedaeen species, ages, sex and organs. In gereral, t
target tissues of heavy metals are metabolic actis which accumulate high levels of metal in fabh

as liver and gills, whereas in muscles where the&abwdic activity is relatively low accumulates ldssel

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

as compared to other fish species wRilebscurahad higher concentration of Cd, Zn and Fe as cosdpa
to other fish species. It was observed that the@atnation 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 (FAO and WHO).

Bioaccumulation Quotient (BQ)

The Bioaccumulation Quotient of the metals in &lé 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 duééohtgh
concentration observed in water. Akueshal (2003) asserted that heavy metal concentratiagyiratic
fauna is often proportional to the levels in theuatic environment in which the fauna resides. The
variations in the BQ value observed in the fishciggmay have resulted from variations in feedialits



237  or age of the fish species. Rometoal (1999) observed a lower concentration of heaviateén pelagic
238 fishes than those of benthic fishes. However, tQef@ Cu, Zn and Pb recorded in this study werddiig
239  than values observed by Wangbejeal (2014) for Cu (1.06), Zn (50.13) and Pb (1.55)Cimssostrea
240 gasar

241  CONCLUSION

242  The study show that the concentration of Zn, Cu &edin water were lower than the maximum
243  recommended limit while the concentration of Pb &wlwas higher than the values recommended by
244  Standard Organization of Nigeria, (SON, 2007) anarl/dV/Health Organization, (WHO, 2006). Also, the
245  concentration of Pb, Cd, Zn and Fe were higher tharvalues recommended by Food and Agricultural
246  Organization, (FAO, 2006) and WHO (2006) while thencentration of Cu was lower than the
247  recommended values by the aforementioned bodies.cbhcentration of these heavy metals in the fish
248  and water thus indicate that it will have cumulatideleterious effect on any aquatic organism and ma
249  who feeds on the fish and use the water. Thusriédéemmended for proper waste water treatment and
250  possibly it may be channeled from drainages intmii@ands for irrigation purposes. At a local schleré is

251 need for carrying out massive awareness campaigth@renvironmental hazards of improper refuse
252  disposal through the various forms of media. This lelp in enlightening the public on their indilial

253  roles as regarding wastewater generation and ¢osists.
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