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ABSTRACT

This study was carried out to determine the comeéinhs of heavy metals (cadmium, chromium, ziranganese,
lead and iron) in some fish speciesand crustaceatiected from Kaa, B-Dere and Bodo City in OgondaRivers
State, Nigeria. A Total of two types of fish spe@ed crustaceans were investigated. They wereyaed!|with
atomic absorption spectrophotometer (AAS). The dsghevel of 1520 + 1.62 of iron was recorded im&eus
notialis from Bodo City while Liza falcipinis frokaa shows the least value of 290 +0.97. Maximunceatration
of manganese was recorded in Tilapia queneensistia@dninimum value was recorded in Liza falcipirisgh
levels of chromium, cadmium, lead and zinc werenaed in Tilapia queneensis, Callinectes pali, Rargnotialis
and Tilapia queneensis respectively. Liza falcpimad the least concentrationsofcromium, cadmiudeiae while
Penaeus notialis had the least concentrations afl.léAll the fish speciesand crustaceans colleaterh fthe sites
contained detectable amounts of the elements igagsd. It was observed that the level of heavyalmén all the
fish species werehigh except for chromium detente@ilapia queneensis, Liza falcipinis, Callinecteali and
Penaeus notialis which was lower than the permisdiimits for human consumption designated by tIBEBA,
WHO, and FAO. The present study shows that premautieasures need to be taken as the levels of imeata)s
detected in seafood from these sites posed settiveat to the populace that feed on them. It alsprbves the
baseline data and information on chromium, leadjrom, zinc, manganese and iron concentrationgftwater
fishes and crustaceans (Tilapia queneensis, Lizeipfais, Callinectes pali and Penaeus notialis)mooonly
marketed in OgoniLand. Such data provide valuahfermation on safety of fishes commonly consumethdy
public.

Keywords: Tilapia queneensjd.iza falcipinis Callinectes paliPenaeus notialisHeavy Metals, Ogoniland.

INTRODUCTION

Heavy metals pose a great concern to the Scierdistthey cause environmental contamination by éxigo
behaviors consistent with those persistent toxendbals. The heavy metals cannot be degraded fuidhd their
toxic effects can be long lasting, unlike the oiigarontaminants that decompose into other chemiggstime [1].
Heavy metals are known to have toxic effects evelowa concentration, and their concentration inthioan be
increased through bio-accumulations [2].The impuréaof biodiversity has been increasingly consididor the
cleanup of metal contaminated and polluted ecosyst&his subject is emerging as a cutting edge @freasearch
gaining commercial significance in the contempofald of environmental biotechnology [3].
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Pollution by toxic heavy metals due to their toties in relatively low concentration and tendency t
bioaccumulation in the ecosystem, agriculture, hachan body has received widespread attention ientegears
[4]. It obvious that organisms vary significantly their responses to environmental hazardous sutetaln some
circumstances substances that are perceived tadtdlefar continuous existence of some living thingsay be
extremely poisonous to others. A typical examplexggen which is believed to be vital for life isxtc to some
anaerobic bacteria [5]. Certain substances are Rriowe environmentally heinous when they are posebstantial
or hazard to human health, including other livihopgs. Such substances often times are lethal degnadable and
persistent in nature and can be biologically magdibr cause detrimental cumulative effects [6].

The use of fish and invertebrates as bio indicatbrgater quality has been advocated by severakever{7,8]. This
is because they produce evidence of relativelyistedncentration compared with water analysis itditates only
short term conditions. A considerable amount ofligtsi have been carried out on the effects of potiuih Nigerian
water bodies. Victor and Tetteh [9] reported a otidm in fish diversity associated with dischardemunicipal
wastes and industrial pollutants into the IkpobaeRiwhile [10] investigated heavy metal conceirain some
dominant fish in the river and found that the fighecies showed higher mean levels, with variabtgazoination
factor and bioaccumulation quotient among stations.

Fish accumulate toxic chemicals such as heavy mdietctly from water and diet, and contaminanidess may
ultimately reach concentrations hundreds or thodsaf times above those measured in the watemmsediand
food [11,12,13]. Heavy metals are normal constitsiesf marine environment that occur as a resulpafution
principally due to the discharge of untreated wasit rivers by many industries.

Bioaccumulation of heavy metals in tissues of mainganisms has been identified as an indirect uneasf the
abundance and availability of metals in the mammironment [14]. For this reason, monitoring fisesue
contamination serves an important function as aly aarning indicator of sediment contaminationrelated water
quality problems [15,16] and enables us to take@piate action to protect public health and theiremment.
Multiple factors including season, physical andmtoal properties of water can play a significanermm metal
accumulation in different fish tissues. Severaldsts [17,18,19,20,21] have also indicated that &sé able to
accumulate and retain heavy metals from their enwirent depending upon exposure concentration aradiolu as
well as salinity, temperature, hardness and meatahobf the animals. Adeyeye [22] also showed tha t
concentration of metals was a function of fish sgees it accumulates more in some fish speciesdtieers.

Exposure to toxic metals is associated with manmgrik diseases. As per available report, when fhietalicant
finds their way into the body, there are possibéehanisms through which they act. Some of which are

(a) Inhibition of Enzymatic Activities: This is dmecause some metals such as Pb, Hg and Cd hamityaftir
sulphur and therefore attack sulphur bonds in emezyhus immobilizing them. Other site of attackluge the free
amino (-NH2) and carboxyl (-COOH) groups in protgda].

(b) Attacks on Cell Membrane and Receptor: The heastals bind to cell membrane and receptor, theadtering
their structures. This affect transport and otimeri or intra cellular processes in the body. Quhits oxidative
phosphorylation in the body [23].

(c) Interference with Metabolic Cations: Heavy nhetimterfere with the metabolism of essential a&isuch as
absorption, transportation, decomposition and gra&d follows the pathway of Zn and Cu metabolisPis
replaces Ca in bones [23].

(d) Action on the Artery: Heavy metals can incretise acidity of the blood. The body draws Ca frdma bones to
help restore blood pH. Further toxic metals setcapditions that lead to inflammation in arteriesd a&issues,
causing more Ca to be drawn to the area as a bitferCa, coats the inflamed area in the bloodeldsd creating
another by the hardening of the artery walls asgibgressive blockage of the arteries. This leadssteoporosis
[23].

The present study was undertaken to study the otrat®n levels of selected heavy metals in commbyc

important fish species and its human health impboas.
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MATERIALS AND METHODS

2.1 Study area
Ogoniland has a tragic history of pollution from epills and oil well fires; although no systemasicientific
information has been available about the ensuimgacoination. Ogoniland is a region covering sonQ,km2 in
the south-east of the Niger Delta badtig(re 1). It has a population of close to 832,000, coigjsinainly of the
Ogoni people.
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Figure 1.0: Map of Ogoniland showing the two LocaGovernment Areas (LGA) were the study was carried ot
(Khana and Gokana, LGA).

2.2 Collection of test samples

Fresh samples of four selected important aquatimddlilapia queneesidtilapia), Liza falcipinis (mullets),
Callinectes palicrabs)and Penaeus notialishrimps), were collected from landing beaches géi communities
namely; Bodo City, B-Dere and Kaa water side in &akand Khana Local Government Areas (LGA) of River
State, Nigeria. The identities of the aquatic sampére confirmed at the Hydrobiology Unit, Depanttnef Animal
and Environmental Biology, University of Port Hamety Nigeria. At each site, ten individual fishesabs and
shrimps of similar size of each species were ctdtEccleaned and wrapped in aluminum foils, thept kezen in
an ice chest before transported to the laboratargialysis.

2.3 Reagents
All reagents used in this study were of analytgraldes with high purity.
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2.3.0 Determination of Heavy Metals levels in fistgg crabs and shrimps

2.3.1 Processing

The samples was oven dried for three days for tigivadrying, after that it was grounded to powdenfaising

silimic mortar. 5 grams of the sample was weighed & crucible container, and then introduced afarnace to
derive the ash for 6 hours. After 6 hours, a crectbug was used to carry out the crucible fromftireace into a
desiccator and allowed to cool. After cooling, 5shl10% HCL was used to dissolved or warm the astiert to

near dryness. After that, it was filtered into arfal and measuring cylinder and made up to 20nth distilled

water for the metal analysis using atomic absongsipectroscopy.

2.3.2 Atomic Absorption Spectroscopy Analysis

For each of the metals, atomic absorption speatmswas calibrated using standard of the metalg;twére given
below as CrX) = 357.90nm, Cd)) = 228.80nm, PbAj = 283.30nm, ZnX) = 213.9nm, MnX) =279.50nm, Fe\)

= nm). 5 grams of the samples was digested in 2% hydrochloric acid (HCL) on a heating mantlentar
dryness. Cr, Zn, Mn and were analyzed using Holtathode Lamp (HCL) in a Flame atomizer AAS. Cd &hd
were analyzed using Electrode Less Discharge Ldfij.) in the Flame atomizer AAS. The extract wasirated
directly into the atomic absorption spectroscopyginirze.

2.3.3 Atomic Absorption Spectroscopy Conditions

The atomic absorption spectroscopy (AAS) was GB@ma pm ver 2.02 Avanta. The carrier gas was aaedyl
and air: 70psi. In order to analyze a sample ®m@tbmic constituents, the samples were atomizbkd.alomizer
used was flames atomizers. The atoms was therrdmiated by optical radiation, and the radiationrse was an
element-specific line radiation source. The radratihen passes through a monochromator in ordeeparate the
element-specific radiation from any other radiat@nitted by the radiation source, which is finatigasured by a
detector.

RESULTS

The average Heavy Metals concentrations (above me&E.M, mg/kg wet wt.) inTilapia queneensis,Liza
falcipinis, Callinectes pali and Penaeus notiadise shown inTable 1, 2, 3and4. A total of six heavy metals were
analyzed for, namely: chromium (Cr), cadmium (Qdad (Pb), zinc (Zn), manganese (Mn) and iron &k)he
samples collected from the three sites containéelctible amounts of the elements studied. Theseeals were
present in the entire fish sample and at varyingceatrations. It must be noted that, varying cotre¢ions of the
heavy metals were measuredTifapia queneensis, Liza falcipini€allinectes pali and Penaeus notialisth some
fishesreporting very high concentrations whilstestsamples measured relatively lower concentratiminshe
elements. With Iron tended to be the highest camagon in all the samples investigatedas compacedther
elements measured from the three sites. Concenmtsatif Manganese ifilapia queneensigaried from 52.9 + 0.08
to 61.2 + 0.11 mg/Kg (dry wt) while Iron recordedees27 + 1.89, 860 + 0.99 and 1079 + 4.33 mg/Ky (ait.)
from Kaa, B-Dere and Bodo City, respectively. Sarlif concentrations of Zinc were ranged from 28.0.%2 to
45.5 + 0.28 mg/Kg (dry wt.) while that of Lead wer2.9 + 0.11, 16.2 £ 0.13 and 15.7 £ 0.31 mg/Ky {at.) from
Kaa, B-Dere and Bodo City, respectively. Amongth# heavy metals analyzed for, chromium and cadnviwme
the lowest but not below WHO permissible limits.eithconcentrations from the three sites are asvi@] 0.64 +
0.00, 0.77 £ 0.01 and 0.97 £ 0.01 for Cadmium an@® & 0.07, 5.63 + 0.08 and 9.97 + 0.1 mg/Kg (dty) or
Chromium recorded iFilapia queneensisollected from Kaa, B-Dere and Bodo City.

Also, concentrations of Zinc recordedliiza falcipinisvaried from 22.5 + 0.20 to 32.1+£0.09 mg/Kg (dry)wthile
Iron ranged from 290+ 0.97 to 1037+ 1.01 mg/Kg (dry), with iron recorded irLiza falcipinis from B-Dere
having the maximum concentrations of iron recorded.iza falcipinis Similarly, concentrations of Manganese
were ranged from 8.63+0.20 to 11.840.06 mg/Kg (dty) while that of Lead were 10.1+ 0.18, 7.45+3#&7d
9.98+0.01 mg/Kg (dry wt.) collected from Kaa, B-Beaind Bodo City respectively. Also, concentratioiZinc
recorded inCallinectes paliwere 31.4+0.12, 42.6+ 0.66 and 30.8+£0.11 mg/Kg @@ty collected from Kaa, B-Dere
and Bodo City, respectively while Iron concentraianeasured were 857+0.12, 1038+1.09 and 1285¥2¢/4 g
(dry wt.) from Kaa, B-Dere and Bodo City respediveSimilarly, concentrations of Lead were rangednf
20.94+0.27 to 27.2+0.05 mg/Kg (dry wt.) while that Mlanganese recorded were 38.9+0.57, 27.6+£0.03 and
15.5+0.16 mg/Kg (dry wt.) from Kaa, B-Dere and Bd@ity respectively withCallinectes palicollectedfrom Kaa
having the highest concentrations.
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Table 1: Heavy metals concentrations (mean + S.E.Nhg/kg wet wt.) in Tilapia queneensisfrom the study areas (Kaa, B-Dere and Bodo

City)
Heavy Metals Kaa B-Dere Bodo City
Cr 3.72+0.07 | 5.63+0.08 | 9.97 +0.10
Cd 0.64+0.0° | 0.77 +£0.0? | 0.97 +0.0?
Pk 12.9+0.1° | 16.2+0.1° | 15.7+0.3°
Zn 28.7+0.12 | 455+0.28 | 31.1+0.38
Mn 55.4+0.24 | 529+0.08 | 61.2+0.1%
Fe 627 +1.89 | 860 +0.99 | 1079 + 4.33

Value are expressed as mean +standard error ofm{&&M) of three replicates, (n=3). Values witHefiént superscript letters (a, b, c) in the
same column are significantly different at the dé&el (P<0.05)

Table 2: Heavy metals concentrations (mean + S.E.Ning/kg wet wt.) inLiza falcipinis from the study areas (Kaa, B-Dere and Bodo City)

Heavy Metals Kaa B-Dere Bodo City
Cr 1.94+0.08 | 6.18+0.08 | 6.78+0.02
Cd 0.50+0.00 | 1.48+0.0% | 0.85+0.01
Pb 10.1+£0.18 | 7.45+3.67 | 9.99 +0.01
Zn 225+0.20 | 25.8+0.47 | 32.1+0.09
Mn 9.83+0.13 | 8.63+0.19 | 11.8+0.06
Fe 290+0.97 | 1037 +1.01 | 760 +4.62

Value are expressed as mean +standard error ofn{&&M) of three replicates, (n=3). Values witHefiént superscript letters (a, b, c) in the
same column are significantly different at the dé&el (P<0.05)

Table 3: Heavy metals concentrations (mean + S.E.Nipg/kg wet wt.) in Penaeus notialis from the study areas
(Kaa, B-Dere and Bodo City).

Heavy Metals Kaa B-Dere Bodo City
Cr 2.92+0.08 | 4.84+0.04 | 6.52+0.09
Cd 0.86+0.02 | 0.95+0.04 | 1.38+0.0%
Pb 235+0.35 | 30.6+0.27 | 6.91+0.06
Zn 30.8+0.2% | 31.7 £0.07 [ 34.3+0.04
Mn 21.9+0.76 | 24.7+3.48 | 26.6 +0.29
Fe 1038 +1.37 | 1281+ 1.24 | 1520 +1.62

Value are expressed as mean +standard error ofmi8&M) of three replicates, (n=3). Values wittfefiént superscript letters (a, b, c) in the
same column are significantly different at the Q& (P<0.05).

Table 4: Heavy metals concentrations (mean + S.E.Mng/kg wet wt.) inCallinectes pali from the study areas (Kaa, B-Dere and Bodo

City)
Heavy Metal Kae B-Dere Bodo City
Cr 377+0.09 | 6.27+0.08 | 418+0.29
Cd 0.78+ 001 ] 1.79+0.01 | 1.64 +0.3%
Pb 20.9+0.27 | 22.9+0.08 | 27.2+0.05
Zn 31.4+0.12 | 426+0.68 | 30.8+0.11
Mn 38.9+0.57 | 27.6+0.08 | 155+0.16
Fe 857 +0.17 | 1038+ 1.1° | 1285 +2.7¢

Value are expressed as mean = standard error ofm{&&M) of three replicates, (n=3). Values witHefiént superscript letters (a, b, c) in the
same column are significantly different at the dé&el (P<0.05)

DISCUSSION

Heavy metals concentration in fish species

Fish is widely consumed in many parts of the woychbmans because it has high protein content, &urated fat
and also contains calcium, phosphorus, iron, teleeents like copper and a fair proportion of theitBmins
known to support good health [24].Many reports ontamination of fish by chemicals in the environmnesmre
reported [25]. Heavy metals are considered the mmgortant constituents of pollution from the adoat
environment and the sea due to toxicity and accatiom by marine organisms, such as fish [26,27].

All the aquatic samples collected from the sitestaimed detectable amounts of the elements stydiadmium,
Chromium, Lead, Zinc, Manganese and Iron). Thesmehts were present in all the fish samples andrging
concentrations. It must be noted that, varying eotrations of the heavy metals were measured irsaéimepled
fishes with some fishes reporting very high congitns whilst other samples measured relativelyelo
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concentrations. Among the different metals analyZadmium and Chromium are classified as chemicahruks
and maximum residual have been prescribed for huj2&29]. Cadmium and chromium tended to be thetlea
concentrated in the fish as compared to other elessrmeasured. Concentrations of cadmium varied B0+
0.01 to 1.79+0.01 mg/Kg (dry wt.) which is high goaned to the permissible level of 0.01 mg/Kg. Theagest
sources of zinc in humans are sea foods and mg&@jtsHxposure to heavy metals such as cadmium arahgum

is of immediate environmental concern. A directatiehship between heavy metal poisoning and thyroid
dysfunction was reported in rabbits by Ghosh andtBlcharya [31]. Concentrations of Zinc in the fegmples
were relatively high (22.5+ 0.20 to 45.5 + 0.28 Kg), the maximum value was recorded fidlapia queneensis
collected from B-Dere, which is higher than therpissible level of 5 mg/Kg. Chromium ranged betwé&edv+0.08

to 9.97+0.09 mg/Kg (dry wt.). The lowest was re@atdolLiza falcipiniscollected from Kaa and the highest was
recorded forTilapia queneensisollected from Bodo City respectively. The maximpermissible chromium level
for fish is 102 mg/kg as reported by WHO [32]. Thi®ws that chromium measured in all the aquatigpses were
below FAO permissible level. Iron had the higheshaentration among all the metals analyzed in phesent
study; it ranged between 290 + 0.97 to 1520 + In&Kg (dry wt.) which is 5,067 times higher thareth
permissible level of 0.30 mg/Kg by WHO and 3,04@es higher than the permissible levels of 0.5 mglig
USEPA.

Results inTable 1 - 4howed that lead levels ranged from 6.91+0.06 t68D27 from the three sites fBenaeus
notialis collected from Body City and B-Dere respectivaifie lead levels recorded in all the species exakdue
permissible limits of WHO [32] which mentioned tHaad level should not be more than 2 mg/Kg. Thisls also
showed that Manganese levels in all the test sagie high and above the permissible limits asmecended by
WHO and USEPA (0.02 and 0.5 mg/Kg respectively)midas that relay on the fish and water from OgonilLare
at great risk. The bioaccumulation of these metely pose great hazard to health of humans.

Chronic lead poisoning is characterized by neuiickigdefects, renal tubular dysfunction and ane@amage of
Central Nervous System is a marked feature espedimichildren [33]. In men, lead affects the maametes
resulting in sperm abnormalities and decreasedadatasire as well as sterility [34]. In women, lgamisoning is
associated with abnormal ovarian cycles and meastiisorders in addition to spontaneous abortiéij. [3

In the present study, it was observed that thé totacentration of iron in all the fish species @ndstaceans studied
was significantly higher when compared with thatoafdmium (P < 0.05) and also significantly highkart
chromium, manganese, zinc, lead, cadmium. Leadsiggsficantly higher than chromium. It can be deediédrom
the above that accumulation of the heavy metaisoie of species-related. In addition to this, iswated that there
was no relationship between the accumulation pattef different metals in the different fishes.

The accumulation of metals by the fish dependshenidcation, feeding behavior, trophic level, agieg; duration
of exposure to metals and homeostatic regulatitinites of fish [36,37] has listed multiple factothat influence
metals accumulation in fish such as season, pHysitd chemical properties of water. Knowledge oftatse
concentration in fish is important to managementvérious purposes such as risk of taking fishas @f diet and
metals pollution control strategies. Most of fige @t top in aquatic food chain and have potemtiadccumulate
high metals content even in mild polluted condiiomherefore, metals concentration in fish couldubed as an
index to estimate level of pollution especiallyeiguatic bodies [38] even in the lake system.

This difference in the pattern of heavy metalsrittistion in the four fish species might be a residitheir difference
in many factors such as; feeding habits, habitat®|ogical needs, metabolism, biology and physipl{2P].
Generally, heavy metal uptake occurs mainly frontewegood and sediment [40]. However, the efficien€ metal
uptake from contaminated water and food may differrelation to ecological needs, metabolism, and th
contamination gradient of water, food and sedimeast,well as other environmental factors such amisal
temperature and interacting agents [41]. Severdémic fish species have become threatened [42]ngdd the
depletion of our fish resources and substantialicgdn in their nutritive values [43]. Chemical &ss of fish,
therefore, ensures dietary safety of the fish feoparticular body of water [44]

Consequently, it can be concluded that the levieleeavy metals in these fish species are at unéaioleplevels for
all the studied samples in these sites. Only chwomin Tilapia queneensjd.iza falcipinis Callinectes paliand
Penaeus notialisvere lower than the acceptable values for humasswoption designated by the FAO, [28]. The
present study shows that precaution measures nedwe taken in order to prevent future heavy metdlpon. It
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also improves the base line data and information cbmomium, lead, cadmium, zinc, manganese and
ironconcentration in saltwater fistTifapia queneensjsLiza falcipinis Callinectes paliand Penaeus notialis
commonly marketed in OgoniLand. Such data provialaable information on safety of fishes commonlgpsumed

by the public.

CONCLUSION

This study established the fact that heavy metalxentrations detected ifilapia queneensjsLiza falcipinis,
Callinectes pali and Penaeus notialse high and, thus, consumption of these fisheg poae significant health
risk to the populace who consume this fish spedesurther comprehensive study of heavy metals atiter
contaminants in seafood in OgoniLand is recommertdeletter understand and control these pollutanthe
OgoniLand coastal marine environment and to adceitahese contamination levels of these heavyatsein
seafood remain the same in the incoming years, usec®goniland is constantly exposed to heavy metals
contamination from oil spills as a result of inieg pipeline vandalism. The community should takgroactive
and public stand against individuals or groups vengage in illegal activities such as bunkering anisanal
refining. These activities result in a huge envirental footprint, seriously impacting public headthd livelihood
activities, particularly fishing and agriculture.
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