Study on the Distribution of Heavy Metalsin Different Tissues of Fishesfrom River Benuein
Vinikilang, Adamawa State, Nigeria

13.C. Akan*,°M. Salwa, °B S. Yikala and z. M. Chéellube

!Department of Chemistry, University of MaiduguriM®B 1069, Maiduguri, Borno State, Nigeria

*Corresponding Author: Dr. J.C. Akan, E-mail: joechemakan@yahoo.cofe: +2348036000506




ABSTRACT

The qills, liver, stomach, kidney, bones and fleghfour common fish speciesTi(apia zlli, Clarias
anguillaris, Synodentis budgetti and Oreochronmis niloticus) were collected from River Benue in
Vinikilang Adamawa State, Nigeria for analysis ofi,(Zn, Co, Mn, Fe, Cr, Cd, Ni and Pb. Sample
collection and preparations were carried out ustagdard procedures. The concentrations of CuCan,
Mn, Fe, Cr, Cd, Ni and Pb were carried out usingimtd Atomic Absorption Spectrophotometer (AAS,
Unicam 969). Iron was the most abundant metal énstindied tissues of all the fish species. In tbieek
analyzed Fe accumulation was the maximum in alldigans but its highest value of 12.65 pg/g was
significantly observed in the Gills @ynodentis budgetti (p <0.05), the liver ofTilapia zlli was second
while the flesh ofHeterotis niloticus shows the least value. From the result of this ystilde tissues
accumulation was observed in the order of gillssthstomach>kidney>bones>flesh. The gills of all the
fish tend to accumulate significant high levelshefavy metal than other tissues. On the basis akethe
results the major route of uptake of heavy metaldifferent fish speciemight be as a result of feeding
habits. Gills of Synodentis budgetti accumulated highest levels of Fe (12.65ug/g), Z86(2g/g), Mn
(0.57ug/g), whileDistrchodus rostratus accumulate high concentrations of Cr (0.98 ugiy),(0.62ug/g)
and Pb (0.62 pg/g) compared to other species loédisAccumulation of metal in different specieshis
function of their respective membrane permeabdityl enzyme system, which is highly species specifi
and because of this fact metals accumulated difflgrén the tissues of fishes as observed in thelyst
Based on the above results, it can therefore beluwded that metals bioaccumulation in the entish fi
species study did not exceeds the permissibledimdt for heavy metals by FAO, FEPA and WHO.

Therefore these fishes are fit for consumption.
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INTRODUCTION

Due to industrialization, the number of factoriegl opulation has increased rapidly. The contananat
of freshwaters with a wide range of pollutants basome a matter of concern over the last few dec¢hde
23 The natural aquatic systems have been extensomiaminated with heavy metals released from
domestic, industrial and other man- made activiflesHeavy metal contaminations have devastating
effects on the ecological balance of the recipemtironment and a diversity of aquatic organisng.
Among animal species, fishes are the inhabitands tdannot escape from the detrimental effects o
pollutantst”). The studies carried out on various fishes havevatthat these metals alter the physiological
activities and biochemical parameters both in @ssand blood!. The toxic effects of heavy metals have
been reviewed, including their bioaccumulation byesal workers”. It is known that metals accumulate
on sediment surface in benthic living things, plankc organisms and other living matter and is eckd
through food chain. Fish accumulate xenobiotic doals, especially those with poor water solubleuosc
because of the very intimate contact with the mmdibat carries the chemicals in solution or suspens
and also because fish have to extract oxygen fr@mmrtedium by passing the enormous volumes of wate
over gills.

Heavy metals are natural trace components of thetemgenvironment, but their levels have
increased due to industrial wastes, geochemiaattsire, agricultural and mining activiti€& **. All these
sources of pollution affect the physiochemical elstgristics of the water, sediment and biological
components, and thus the quality and quantityssf itockd'® > ! Fish is generally appreciated as one
of the healthiest and cheapest source of protethitahas amino acid compositions that are higher ir
cysteine than most other sources of protein. Heastals like copper, iron and zinc are essentiafifbr
metabolism while some others such as mercury, aadmarsenic and lead have no known role in
biological system&* ** *®! Studies from the field and laboratory experimestitswed that accumulation of

heavy metals in a tissue is mainly dependent oremadncentrations of metals and exposure period



although some other environmental factors suchaksity, pH, hardness and temperature play sigafic
roles in metal accumulatidh’ *® 1" 18 Ecological needs, size and age of individualsirtlife cycle and
life history, feeding habits and the season of wapivere also found to affect experimental redutts the
tissuesi*® 2% The obvious sign of highly polluted water, deashfiis readily apparent, but the sublethal
pollution might result only in unhealthy fish. Velgw-levels of pollution may have no apparent intpat
the fish itself, which would show no obvious sigrfsiliness, but it may decrease the fecundity ehfi
populations, leading to a long-term decline ancheya extinction of this important natural resoulfée??.
Such low-level pollution could have an impact oprogluction, either indirectly via accumulation et
reproductive organs, or directly on the free gamésperm or ovum) which are released into the watet
Control of reproduction in fish is complex and rizged by a wide range of factors and low-level ytodin
could affect any part of this pathway. Steroid hones are very important and play essential roles i
maintaining reproductive functiofs 2.

Fish, apart from being a good source of digestibtgein, vitamins, minerals and polyunsaturated
fatty acids are also an important source of essemtiavy metals. In the future, seafood will everalimore
important source of food protein than they are yodad the safety for human consumption of products
from aquaculture is of public health inter&t Fish are often at the top of aquatic food chaid may
concentrate large amounts of some metals from taenk*. Unlike organic contaminants that loose
toxicity with time by biodegradation, heavy metalannot be degraded; their concentration can b
increased by bioaccumulati®¥. Metal bioaccumulation is largely attributed tdfeliences in uptake and
depuration period for various metals in differeighf species?®. Multiple factors including season,
physical and chemical properties of water can playgnificant role in metal accumulation in diffetdish
tissues?”. Industrial development; fertilizers; livestock mume; air pollution; increases in pesticide usage

and mining have led to increasing levels of heaeyats in aquatic environmerit& 2!



Metal residues problems in the fish tissues anesgras reflected by the high metal concentration:
recorded in the water and sedimelits The gills are directly in contact with water. Téfore, the
concentration of metals in gills reflects their centration in water where the fish live, whereas th
concentrations in liver represent storage of méteibe watefF*".

Studies on heavy metals in rivers, lakes, fish sadimentd®* 33 34 35 36.3Thaye peen a major
environmental focus especially during the last dec&ediments are important sinks for various petits
like pesticides and heavy metals and also playmaifgiant role in the remobilization of contaminani
aquatic systems under favourable conditions andt@mactions between water and sediment. Fish sssnpl
can be considered as one of the most significaditators in fresh water systems for the estimatbn
metal pollution level?¥). The commercial and edible species have been widebstigated in order to

check for those hazardous to human hdzith

Heavy metals such as copper, iron, chromium ankiehiare essential metals since they play ar
important role in biological systems, whereas canimand lead are non-essential metals, as theypxsie t
even in trace amount¥!. For the normal metabolism of the fish, the esabmtetals must be taken up
from water, food or sedimeft. These essential metals can also produce toxéctsfivhen the metal

intake is excessively elevatEd.

River Benue in Vinikilang, Adamawa State, receigedvide variety of waste from agricultural
activity within Vinikilang area. The river is ond the main fish supply sources for this area. Magtners
within the Vinikilang area of Benue State use fers and synthetic chemical pesticides to corpests
on vegetables including a number of highly persistdganochlorine and organophosphurus pesticide:
Pesticides and other agrochemicals are extengigglgt in agricultural production to check or conprests,
diseases weeds and other plant pathogens in am teficeduce or eliminate yield losses and presbrgh

product quality. Lack of knowledge of the use amel ¢ffects of these pesticides and agrochemicaisigm



small and large scale farmers has resulted in theuse and consequently the waste generated fidws
the river Benue and may contaminates the river &itvariety of heavy metals acting as point sources
Such contaminations might accumulation in the waxiorgans of fishes; such accumulation may affec
humans and other species that depend on suchsfisiod.

MATERIALSAND METHODS

Sampling Area and Sample Collection

Sampling was from the River Benue in Vinikilang iceg of Adamawa State, Nigeridish samples
(Districhodus rostratus, Heterotis niloticus, Lates niloticus and Citharinus citharium) were caught using
gill nets from River Benue in Vinikilang Adamawaa$, Nigeria; Fish samples of uniform size were
collected in order to avoid the possible error doesize differences. The fish were labelled with an
identification number. Samples of fishes were tpanted to the laboratory on the same day and late
dissected to remove the bone, liver, stomach, ftgkh and kidney of each species of fish by areexin

the department of fisheries, University of Maidugtligeria.

Digestion of Fish Samplesfor Heavy Metal Deter mination

The bone, liver, stomach, gill, flesh and kidneyeath fish samples (8.0g) were dried at 105°Q they
reach a constant weight. Each dried sample wenengrousing porcelain mortar and a pestle. The gtour
fish tissues were transferred to a porcelain bastput into a Thermicon P muffle furnace at a teragre
of 550°C for 4 hrs. Samples were digested witlatid mixture (HN@HCIO, H,SO, = 10:4:1) at a rate of
5 mL/per 0.5 g of sample and were placed on a late @t 108C temperature. Digestion was continuec
until the liquor becomes clear. All the digesteqlibrs were filtered through Whatmann 541 filter gragnd
diluted to 25 ml with distilled water of the elemen the sample solution times 20 as additionatdiam
pa/g dry weight. Determination of Cu, Zn, Co, M, IEr, Cd, Ni and Pb were made directly on eadh fin

solution using Perkin-Elmer AAnalyst 300 Atomic gdvption Spectroscopy (AAS).



Calibration Solution

Standard solution of each sample Cu, Zn, Co, Mn,(feCd, Ni and Pb were prepared according to S
2000 manufacturer procedure for Atomic absorptipectroscopy to be used. A known 1000 mg/Il

concentration of the metal solution was preparethftheir salts.

DATA HANDLING

Data collected were subjected to One-way analyisioance (ANOVA), and were used to asse
whether samples varied significantly between sgeg@essibilities less than 0.05 (p<0.05) were bescered

statistically significant.

RESULTS
Concentrations of Heavy Metals

Figure 1 present the levels of heavy metals intigsies ofDistrichodus rostratus. Levels of Fe ranged
from 1.45 to 4.56 pg/g; 0.01 to 0.56 pg/g Zn; @@20.55 pg/g Mn; 0.15 to 1.13 pg/g Cr; 0.22 to Quefg
Cu; 0.22 to 0.64 pg/g Cd; 0.05 to 0.48 ug/g Pbl @a10.75 pg/g Ni; 0.14 to 0.45 pg/g Co. The ormler

metal bioaccumulation in these tissue are Fe>Cu€@rNi>Zn>Mn>Co>Pb.

The levels of heavy metals in the organsHeterotis niloticus are as presented in Figure 2. Fe
ranged from 0.12 to 0.42 pg/g; 0.02 to 0.45 pug/g&a6 to 0.23 ug/g Mn; 0.11 to 0.21 pg/g Cr; &kd1
0.56 pg/g Cu; 0.17 to 0.62 pg/g Cd; 0.11 to 0.4&yRp; 0.18 to 0.62 pg/g Ni; 0.13 to 0.27 pg/g Toe
order of metal bioaccumulation in these tissueNireCd>Pb>Cd>Cu>Fe>Zn>Co>Mn. For that lcdtes
niloticus andCitharinus cithariumare the concentrations of heavy metals is as presentegjure 3 and 4,

the levels of Fe ranged from 0.14 to 3.43 pg/g2Q@dl1.56 pug/g Zn; 0.06 to 0.56 pg/g Mn; 0.21 t870.



png/g Cr; 0.07 to 0.45 pg/g Cu; 0.13 to 0.69 pg/g @A1 to 0.31 pg/g Pb; 0.03 to 0.23 pg/g Ni; @5

0.31 pg/g Co.
Comparison of Heavy Metals among Species of Fish

Figure 5 shows the comparison in the concentratorizeavy metals in the fish gills samples amorgy th
four species of fish. Fe ranged from 0.42 to 41§6; 0.45 to 1.56 pg/g Zn; 0.16 to 0.55 pg/g MB6Qo
1.13 pg/g Cr; 0.12 to 0.98 ng/g Cu; 0.22 to 0.641Gd; 0.11 to 0.48 ug/g Pb; 0.18 to 0.75 pug/gi\e;7

to 0.62 pg/g Co. Gill surfaces are the first tamfevater-born metal€®. The microenvironment of the gill
surface consists of an epithelial membrane whidgmanly contains phospholipids covered by a mucous
layerY. According to*? the gill surface is negatively charged and thusvioles a potential site for gill-
metal interaction for positively charged metalsl @8sue ofDistrichodus rostratus was the highest in
terms of metals accumulation, whil€itharinus cithariumare shows the least levels of metals
accumulations, Laboratory experiments have indicabat in fishes which take up heavy metals from
water, the gills generally show higher concentratiban in the digestive tract. On the other hargh f
accumulating heavy metals from food show elevatethhievels in the digestive tract as comparedéo t
gills 344 The gills of all the fish tend to accumulate haignificant high levels of heavy metal than other
tissues. The gills dDistrichodus rostratus had shown more metals accumulation than otherdgs<On the
basis of the results of this study, the major rafteptake of heavy metals in different fish spsereght

be as a result of feeding habits. The concentratadri-e, Zn, Cr, Cu, Pb and Ni were observed thigleer

in the gill of Districhodus rostratus while Lates niloticus accumulate high concentrations of Mn and Cd

compared to other species of fishes.

Figure 6 shows the comparison of heavy metalsvier ltissues among species. Fe levels range
from 0.36 to 3.76 pg/g; 0.33 to 1.32 pg/g Zn; @d8.74 pg/g Mn; 0.18 to 0.74 ug/g Cr; 0.18 to Qugj/g

Cu; 0.16 to 0.54 pg/g Cd; 0.09 to 0.43 pg/g Pb4 ®010.54 pg/g Ni; 0.22 to 0.45 pg/g Co. The lipiays



an important role in accumulation and detoxificatiof heavy metal&™. Exposure of fish to elevated
levels of heavy metals induces the synthesis oflogtioneine proteins (MT), which are metal birglin
proteins*® 1 Fishes are known to posses the metallothioneioeips*®!. Metallothioneine proteins has
high affinities for heavy metals and in doing soncentrate and regulate these metals in the ff¥er
Metallothioneine proteins bind and detoxify the ahebn. In the present study, the liver Districhodus
rostratus show more accumulation of Fe, Cu and Cates niloticus shows more of Zn, Mn and Cr, while
Heterotis niloticus accumulate Pb and N the present study the liver tissue was obsetvetcumulate
the second highest heavy metal load after gillsichvlis similar to results of%. Figure 7 shows the
comparison of heavy metals in stomach tissues arttenfpur species of fish. Fe levels ranged fro820.
to 3.55 pg/g; 0.31 to 0.89 pg/g Zn; 0.14 to 0.44gMn; 0.14 to 0.65 ug/g Cr; 0.14 to 0.57 ug/g QU5

to 0.52 pg/g Cd; 0.21 to 0.37 pg/g Pb; 0.11 to u8& Ni; 0.18 to 0.32 pug/g Co. The stomach_atles
niloticus accumulates significant higher levels of Fe, Zm &hd Cr, whileDistrichodus rostratus shows
more of Cu, Cd and Ni. These differences in theuandation of heavy metals could probably due to
different feeding or metal sequestering habitsh& fishes. Figure 8 present the comparison of heav
metals in kidney tissues among species. The coratamts of Fe ranged from 0.25 to 2.76 ug/g; 0d4 t
0.43 pg/g Zn; 0.12 to 0.32 pug/g Mn; 0.12 to 0.4%@r; 0.13 to 0.33 pg/g Cu; 0.17 to 0.44 pg/g A4

to 0.32 pg/g Pb; 0.10 to 0.24 ug/g Ni; 0.13 to Qu2@y Co.Lates niloticus tend to accumulate more levels
of Fe, Zn, Mn and Cr, whil®istrichodus rostratus shows more of Cu, Cd and Co. Figure 9 present th
comparism of heavy metals in bone tissues amongesp€elrhe concentrations of Fe ranged from 0.23 t«
2.55 ug/g; 0.12 to 023 ng/g Zn; 0.13 to 0.28 pgfg M15 to 0.33 pug/g Cr; 0.11 to 0.23 pg/g Cu; QdL7

0.23 nug/g Cd; 0.16 to 0.23 pg/g Pb; 0.03 to 0.2/8 \Ng; 0.13 to 0.22 pug/g Co.



DISCUSSION

Comparison of Heavy Metalsin Fish Sampleswith Standard Values

Iron (Fe)

Iron was the most abundant metal in the studietiéis of all the fish species. In the fishes analyze
Fe accumulation was the maximum in all the orgautsitse highest value was observed in both Gills anc
liver of Districhodus rostratus, while the stomach of Heterotis niloticus shows kbast value. Studies
reported inC. gariepinus ® andTinca tinca *? also revealed the maximum accumulation of Fevierli
However in other studies the highest accumulatias wbserved in the organs of gills in the fisfes
niloticus, L. niloticus **! O. mossambicus ®* Accumulation levels reported in the present stumtydiills
and liver ofDistrichodus rostratus corroborates to the findings @. niloticus andL. niloticus 3. Earlier
reports showed Fe to be normally highest in §ifisor in the liver®®. The present study showed gills with
the highest Fe concentrations. The highest coratmis observed in the present study were below th

high residue concentrations of Fe (34-107 ppmjsin $amples on MNW Refud’

Zinc (Zn)

The highest levels of Zn in the present study wadrserved in the gills dDistrichodus rostratus.
Other workers also reported the highest conceatraif Zn in the gills ofLabeo dyocheilus, Wallago attu
and in liver ofC. punctatus *”). However highest accumulation was seen in othgares such as gills .
punctatus ), testis ofO. niloticus and L. niloticus ®%!. Accumulation of metals reported in the present
study for gills and liver oDistrichodus rostratus is comparable t®. niloticus °* and C. punctatus 7!
respectively. In the present study the least actation of Zn was seen in gills and other tissues ot
Heterotis niloticus. The permissible limits for Zn set By” is 40 ppm which is less than the values
observed during this study. Zinc was detected linhal fish samples and the highest concentratiosie w

observed in gills tissues followed by liver andnsémh, while the flesh of all the fishes showed ldeest

10



concentration of Zinc. The concentration of ZnOrstrichodus rostratus and other speciestudiedwere
below the NCBP 34®y/g. Fish can accumulate zinc from both the sudmmwater and from their diet
891 " Although zinc is an essential element, at highcentrations, it can be toxic to fish, cause miytal
growth retardation and reproductive impairm@&ht zinc is capable of interacting with other elenseand
producing antagonistic, additive or synergisticeef§'®?. Zinc does not appear to present a contaminar
hazard to fish within this portion of River Benue.

Manganese (Mn)

Levels for Mn accumulation during the present stadyshown in Figure 1 to 4. The highest contemiof

in the studied tissues was observed in gills anet of Lates niloticus. In the present study the observation
that was made in gills and liver bftes niloticus is similar to that observed i@. mossambicus ¥ and
Tinca tinca 2. The levels of Mn accumulation that was observedhie liver of lates niloticus are
comparable to the bot®. mossambicus *# and Tinca tinca °?. Accumulation reported for Mn in the
present study for stomach in all the species bfdisidyis also comparable Ghanna obscura andTilapia

Zilli respectively®®. Manganese (Mn) occurs naturally in sedimentsllinhe fish species study Mn tend
to reside more in the gills and liver, while fleshows the least level of accumulation. The peribigsi
limit for Mn set by®® is 0.01ppm whereas according'td it is 0.05 ppm. Mn does appear to present ¢
contaminant hazard to fish within this portion o¢& Benue.

Chromium (Cr)

Chromium does not normally accumulate in fish aedde low concentrations of Cr were reported ever
from the industrialized parts of the wolff. The mean concentration of Cr found in the fishsafe
samples from the Mediterranean coastal waters wigsg®y. Even lower means were also reported fron
the Gulf of Agaba for the muscle &. barberinus (0.4pg/g.) andScarus variegatus (0.6pg/g.) e
However, in the present study higher concentratwase found in gills of the examined fish, whiledrs

show the second highest. Howe¥} reported that the gills were the site for maximacsumulation for
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Cr in L. dyocheilus and W. attu. The observation made in muscles @feochromis mossambicus and
Cyprinus carpio ' %8 showed maximum concentration of ¢! investigated the following pattern of
distribution of Cr inL. rohita gills >kidney >liver >skin >muscles, whereas in theesent study the
maximum accumulation of Cr was observed in thesgilhe permissible limits set for Cr By * are 0.05
and 0.15 mg/ kg respectively. Cr content obserndtie tissues of all the species of festteeds this limit.
In view of other sanctions, the present Chromiumceatrations in gills which were the highest ardl we
below the levels validated by USEPA (53.8 ppm)ffsh tissue®®. However, surveys of contaminants in
edible shellfish conducted B reported chromium levels from 0.1 up to @8y which is in line with the
above threshold. The present chromium tissues otrat®ns in all the fish tissues study were betbe
4.0ug g-1 levels suggested By as indicative of Cr contamination.

Copper (Cu)

Copper revealed its maximum accumulation in this gif all the four species of fish study, whilesite
shows the least level; this is in agreements Withfindings inCarassius auratus . The distribution of
copper were in the order of gills>liver>stomach>igg>bones>flesh in the entire fish samples. Gills
concentrate higher levels of copper while the ldvdesected concentrations were found in the fl&lese
high levels of copper in the gills might be duethe fact that freshwater fishes gills might be eteé to
be the primary route for the uptake of waterborokupants!”®. Copper toxicity in fish is taken up directly
from the water via gills. The present study showedilar accumulation of copper in the gilf§!. The
present data also indicated that accumulation $ef@l Cu in gills and liver oDistrichodus rostratus
corroborates to th®. niloticus " andOnchorynchus mykiss [ respectively. Content of Cu accumulation
in stomach and kidney of all the species stady similar to theRastrilligerkanagurta ! andTinca tinca
B2 respectively. Effects of high concentrations gfer on fish are not well established; howevenretie

[76]

evidence that high concentrations in fish can @epee toxicity''™. Copper can combine with other

contaminants such as ammonia, mercury and zinaddupe an additive toxic effect on fi$H. The
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permissible limit for Cu set b%® is 30 ppm, which exceeds the accumulation levelsined in the
present study.
Cadmium (Cd)

Cadmium is accumulated primarily in major orgasuiss of fish rather than in muscles and flesr
%3] This was the case in the present study as Ckbsh Ehows the least level, whereas the highesh mes
values were found in gills and livers. Cadmium isoiessential metal that is potentially toxic tosmitsh
and wildlife, particularly freshwater organisms.eThighest concentrations were observed in gillsled
tissues of all the species study, while the lowasicentrations were detected in flesh. These value
detected did not exceed the NCBP concentration.fig?g threshold considered harmful to fish and

predators P 7!

Lead (Pb)

Lead accumulates significantly in gills, liversprstach, kidney, bones and flesh tissue of all thle fi
species. The  concentrations of lead  were higher  ithe  following order
gills>liver>stomach>kidney>bones>flesh. Similar dings were reported by*® that the highest
concentrations were in gills, kidney and spleerainbow trout. Lead is highly toxics to aquatic @angsms,
especially fish”"). The biological effects of sublethel concentrasiaf lead include delayed embryonic
development, suppressed reproduction and inhalafignowth, increased mucous formation, neuroldgica
problems, enzyme inhalation and kidney disfunctién Lead concentrations in the gills, livers, stomach
kidney, bones and flesh tissue of all the fish Esestudywere below the 06y/g limit .

Nickel (Ni)

The maximum concentrations of Nickel were deteatetie gills of all the fish species study. From

the result of these study, the concentration of kelic are in the order

gills>liver>stomach>kidney>bones>flesh. Nickel lexé 0.7ug/g is considered potentially lethal to fish
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and aquatic birds that consume th&fH. Nickel concentrations of 2.30/g or greater, may cause
reproductive impairment and lack of recruitment fishes ®?. None of the samples in this study
approached these levels of concern. Hence, niaketentrations in the entire species of fish do no

constitute any treat upon the consumption of tispeeies of fish.

Cobalt (Co)

The maximum concentrations of cobalt were deteictelde gills of all species of fish. The result is
in line with the work of®? which indicates that in fish, the liver and gitlee the major storage organs for
cobalt. Accumulation in the gills and liver canthe result of detoxicating mechanisms and may roaig
from metal in the food. However, the liver is theeferred organs for metals accumulation as could b
deduced from the present stuliy. Accumulation of metal in different species is fliction of their
respective membrane permeability and enzyme systéinch is highly species specific and because isf th

fact metals accumulated in different orders infiblees as observed in the study.

CONCLUSION

Iron was the most abundant metal in the studiesidis of all the fish species. The highest levelsllahe
metals in the present study were observed in gilld liver, while flesh shows the lowest levelscadn
therefore be concluded that metals bioaccumulaimomll the four fish species did not exceeds the
permissible limits set for heavy metals by FEPA a#O. Therefore these fishes are fit for human

consumption.
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HFe EZn ® Mn mCr HCu mCd = Pb = Ni Co
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Figure 1: Mean concentrations of heavy metals in the Gills, Livem&th, Kidney, Bones and Flesh of Districhodus
rostratus from River Benue in Vinikilang, Adamawa State, Nigeria
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Figure 2: Mean concentrationfheavy metals in the Gills, Liver, Stomach, Kidney, Bones and Flesletdrdtis niloticu
from River Benue in Vinikilang, Adamawa State, Nige
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Figure 3: Mean concentratioof heavy metals in the Gills, Liver, Stomach, Kidney, Bones and Fleslatefs hiloticu
from River Benue in Vinikilang, Adamawa State, Nige

24



Co = Ni " Pb mCd mCu mCr B Mn M Zn HFe

FLESH

BONES

KIDNEY

STOMACH
Conc (ug/g)

LIVER

GILLS

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

Figure 4: Mean concentrations of heavy metals in the Gills, Livem&th, Kidney, Bones and Flesh of Citharinus
catharium from River Benue in Vinikilang, Adamawa State, Nigeria
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Figure 5:Comparism in the concentration of heavy metals in the gills fefrdiit species of fishe from River Benu
Vinikilang, Adamawa State, Niger

26



EFe EZn = Mn ECr ECu uCd = Pb = Ni Co

2.5
Conc (ng/g) >

1.5 A

1 -

0.5 -

O .
Districhodus rostratus Heterotis niloticus Lates niloticus Citharitharum

Figure 6: Comparison in the concentration s of heavy metals in greofidifferent species of fishe from River Benue in
Vinikilang, Adamawa State, Nigeria
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Figure 7:Comparison in the concentration s of heavy metals in the StomachesédifEpecies of fishe from River Benu
Vinikilang, Adamawa State, Niger
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Figure 8: Comparison in the concentration s of heavy metals in the yWadiéferent species of fishe from River Benue in
Vinikilang, Adamawa State, Nigeria
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Figure 9:Comparism in the concentration s of heavy metals in the Bones oediffgrecies of fishe from River Benu
Vinikilang, Adamawa State, Niger
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