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ABSTRACT KEYWORDS
With the increasing development of industrial activity and increasing the Metal elements;
action of man in nature, the quality of the environment continues to dete- Lepomis gibbosus;
riorate. Thus, the assessment of environmental quality, including the water Biaccumultion;
iS a necessity. Muscle;
In the present work we have evaluated the degree of metal contamination Gills,
of gills and consumable muscle of Lepomis gibbosus Linnaeus (Fish, Morocco.

Centrarchidea). To do this the concentrations of seven elements (lead,
cadmium, manganese, chromium, nickel, copper, zinc) were measured in
three compartments “water-gill-muscle”. The study environment is Lake
Fouarat whichis near the city of Kenitra (Morocco).

The results showed that for these metas, the concentrations recorded
either inthegillsor in consumable muscle or in both of them the concentra-
tions were higher than those recorded in the water. The degree of concen-
tration of many metals varies depending on the organ type and / or de-
pending on the size or age of thefish.

The results further show that this bioaccumulative fish of metals could be
used as a biological tool to assess the metallic quality of the environment.
And, itsfishing should be prohibited in areas metallically polluted.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION through contamination biocenosisthrough thetrophic
chan¥
Heavy metalsand micropollutantsarelikely to ac- Indeed, inthegill of theaguatic breathing species,

cumulate in the bottom sedimentsof riversand sus-  includingfish, heaviesmetd act biochemicd systemsof
pended matter transported by these courses. They are  thecell by their specific toxicity; they react specificaly
abletodisruptlifeintheriversandlakes, either directly ~ with thiol groups (TH) of theenzymeproteing?.

(exposureto pollutants) asthecase of fish, or indirectly Moreover, according thegrowingindustridization,
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thequality of theenvironment, especialy of thisaguat-
ics, decreases. So, themonitoring of theseenvironments
hasbecomeanecessity. Thismonitoringisdoneby es-
timating thenumber of phys co-chemica parametersor
thebiological indicators. These are atypical species
livinginan ecosystemn used to assessthe environmenta
conditions. Notethat the evaluation of the degree of
pollution of an ecosystem by the determination of the
leve of thepollutantsin thebody of thesebioindicators
has severa advantages compared to anaysisbased on
the abi otic components of the biotope. Indeed, these
creaturesincorporatelevel sof contaminantsthat have
bicaccumulated throughout aperiod; itisthis phenom-
enonthat givesthem ahigher importance®.

Thus, inthiswork we have eva uated the degree of
accumulation of certain heavy metasinthegillsandthe
muscle of Lepomisgibbosus (Linneatus, 1978), afish
potentialy consumed by the humanindigenous popula
tion, inastagnant water, thelake Fouarat, whichisnear
thecity of Kenitra(Morocco).

MATERIALSAND METHODS

Studied fish

LepomisgibbosusL. beongsto Centrachideafam-
ily, PerciformesOrder ActinopterygiisClass. Itlivesin
thewarm waters calm and shallow with amoderately
abundant vegetationin streamswith low current or stag-
nant. Its size rarely exceeds 15 centimeters and its
growth dependson theenvironmental conditions. Itis
primarily carnivorous and feeds on aguaticinsect lar-
vae(Trichoptera, Coleoptera, etc..), Snails, dgphniaand
fishfry. For threesizeclasses(Sizel =6cm, Sizell =
9cm, ad Sizelll =12 cm), corresponding to threeage
classes, the content of metallic el ementswas measured
inthegillsand the muscleof the studied fish. For each
classthegillsand themuscle of four individualswere
andyzed.

Living environment of thestudied fish : L ake of
Fouarate

Itislocated between 35° 15 ‘north latitude and 6
© 30’ longitude in the north of the Kenitra city (Mo-
rocco). Itsimpoundment ismainly from precipitation,
flowsof theriver of Fouarat and wastewater. Itswa-
tersareusedfor irrigating cropsand watering livestock.
In addition, thelakeisasource of fishing for severa
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species of fish which are marketed throughout there-
gion providing then apossiblefeed source. Notea so
that the lake of Fouarat islocated near amajor urban
center Kenitracity that knowsagreat expansion, which
it generatesmuch wastewater and asignificant source
of pollution and degradation to the biotope.

Themetallic e ements evaluated

In the water of the biotope and the gills and the
muscl e of the fish we evaluated the concentration of
seven metallic e ements, namely lead, cadmium, man-
ganese, chromium, nickel, copper and zincintwo sta
tions, S1and S2, of theliving environment. Recall that,
for dl metdlicdements, theconcept of toxicity isclosdy
related tothedoselimit. Thus, dl metalscanbetoxicif
theincorporated amount exceedsacertain threshol d.

M ethodology of assessing metal elements

The evaluation of the contents of metallic ele-
ments was carried out by atomic absorption spec-
troscopy, whichisto carry the elementsof theatomic
state in the same path of alight ray and the smulta-
neous measurement of the absorption at length wave
specific atoms. The proportionality between absor-
bance and the concentration is used to calcul ate the
contents of previously mineralized samples

RESULTSAND DISCUSSION

Results
Heavy metalsin theaquatic biotope

TheTABLE 1 showstheconcentrationsof thestud-
ied heavy metalsrecorded in thewater of theenviron-
ment lifeof thestudied fish.

L ead
Theresultsshow very high concentrationsof |ead,

TABLE 1: Concentrations(in pg) of the metallic elements in
thewater of thelakeof Fouarate

Stations S1 2 Average
Copper 10 10 10
Zinc 140 < limit of detection 70
Chromium 10 10 10
Lead 7100 2300 4700
Cadmium 170 10 20
Nickel 40 50 45
Manganése 168 123 146
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especialy at the S1 station. These concentrations,
which exceed the Tcified in Moroccan project of
the quality standards for surface waters* (TABLE
3), could be attributed to the discharge of wastewa-
ter containing waters of cleaning service stations of
fuel and the water of leaching of roadsin the vicin-
ity of the lake which are normally rich in lead that
from exhaust emissionsfrom cars.

Manganese

The concentrationsof themetal arelessimportant
than thelead concentration, but they areevenrdatively
high especially at the F1 station. Notethat manganese
isan element quiteanswered in naturewhich, inturn,
providesanatura sourceof pollution, asit could be of
fertilizersor of an effluent of atextilelocated nearby

Cadmium

Theillustrated concentrationswerelow. Theselow
levelsareexplained by thefact that, usually, thismetal
isfound inlow concentrationsin nature. Also, theuse
of thismeta waslow becauseit hasnot ahigh quantita-
tive participationin the nearby industrial to thelake.
thus, the wastewater does not contain enough of this
chemica dement.

Zinc
Theconcentrationinthewater washigh. Thewaste-

water could beamagjor source of thismetal €lement. In
fact, zinciswidely used inindustry in variousforms:

TABLE 2: Grid of thequality of thesurfacewater about some
heavy metalg”

alloy castings, parts, zinc oxide, zinc sulfide, etc.
Thus, thewastewater discharged into thelake could
be loaded zinc. Also note that the “zinc” products
usually contain other metals (e.g, Pb, Cu, Fe, Cd)
which strongly influence the profitability of their
operations.

Innature, zincisaso found in sedimentsfrom the
erosion of primary deposits. The main mineralscon-
taining zinc are: sphalerite, wurtzite, smithsonite, ca-
lamine, willemite, zincite

Thecopper, chromium, nickel

At both stations, these e ements have very lower
concentrationsthanthose of other dements. Most likely,
the causeof environmenta pollution by thesemetdsis
anthropogenic

L evelsof heavy metalsin thegill and consumable
muscle

Resultsareshonin TABLE 3:
L ead

Analysisof lead level sshowsthat, regardlessthe
sizeof thefish, lead concentrationsinthegill andinthe
muscleare high. So it seemsthat at any age, species
accumulates, indifferently the organsstudied.

Cadmium

Therecorded concentrationsarelow inthegills,
especidlyinthesizeclasses|l and I11 of individuals.
So, theyoung peopleaccumulate moreof metallicele-
mentsintheir gills.

Unlike, inthe musclethistoxic metal isaccumu-

\?erujlggoj s PE ’l‘ gg)/l C<r ;:) g/l Cd:; g/l N<' : g/l lated preferentially in theother two sizeclasses |l and
Good ; 10 - 0 ; 3 P 20 [11. So,thereissome correl ati on b(_etweenthe amount
- - " - of accumulated metal and thefishsizeclass.
Average 10-50 <50 35 20-50
Bad >50  >50 >5 <50  Manganese
Very bad - - - - Theresultshave shown that the concentrations of
TABLE 3 : Concentrations of metal elements in the gills and the muscle
Concentrations (in pg / g) of the studied metallic elements in the sunfish of the Lake Fouarte
Lead Cadmium Iron Manganese Chrome Nickel Copper Zinc
Sizel 0,22 0,011 182 14,9 11 4,08 1,99 23,81
Gilles Size2 0,53 0 212 14,9 11 1,91 1,93 27,02
Size3 0,16 0 410 12,7 1,93 5,09 2,01 17,6
Sizel 0,65 0 20 2 0 11 1,51 5,55
Muscle Size2 0,34 0,009 19 1,6 0 0,6 1,52 534
Size3 0,23 0,012 24 0,15 0 1,59 1,54 5,46
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manganeseinthegillsare higher thanthose notedin
the water, and there is no noticeable correlation de-
pending on the size of the fish. Thus, these organs
are selective bioaccumulteurs or active manganese.

For muscle, theresults show that, for all sizes of
fish, manganese concentrationsarevery low.

Chromium

Theaccumulation of chromiuminthegillswasno-
ticegbleindl fish 9zeclassesbut the highest concentra-
tionisraised by thesizesll and I11 of individuals. IN
the muscle, we have noted acompl eteabsence of this
metd inall andyzed sizesof thefish.

Inaddition, in thewater, theconcentrationsof chro-
mium werevery low and often undetectable. Thus, we
can say that the gillsare selective bioaccumul ators of
thechromiumwithapreferentia accumulationinszell
and I11 of individuals. So, theseareolder peoplewho
accumulatemorechromiumingills.

Nickel

The concentrations noted in the gills were high.
Whileinthewater, theseconcentrationswerelow. Thus,
thegillsaresdective Nickel batteries.

For cons=corn, the concentration of Nickel noted
inthemusclewasweak. So, it seemsthat thegillsare
sdl ective accumulators of the Nickel, by against; the
muscleisapassive accumulator of thismetal.

Copper

Inthegills, therecorded concentrationswerehigher
than those observed inthewater regardlessof thesize
andyzed by individuds. Incontrast, inal szesstudied,
the concentrationsnoted in themusclearelessimpor-
tant, however, they remain higher than those observed
in water. Thus, these organs are selective or active
bi caccumulteurs of themanganeseinthegillsandinthe
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muscle.
Zinc
The Zinc accumulates more in the gillsthan in

themuscle. Furthermore, it isthefirst two fish sizes
which accumul ate the significant quantities.
Discussion

The absorbed heavy metals persist in the body
and they are slowly excreted®®. In many species, if
the concentration of these substances exceeds cer-
tain limits, it could become toxic. In many fishes,
the bioaccumulation of these toxic elements could
cause acute or chronic toxicity!™. They affect oneor
morefunctionsof vegetativelife, such asthedetoxi-
fying organs (kidney, liver), they damage the respi-
ratory functions by affecting gills and cause a neu-
rotoxicity, which has the serious consequences on
the entire body!?. In addition, adisruption of repro-
ductive functions affecting the physical integrity of
the offspring of intoxicated individuals may be
noted(.,

For the studied species, the results have shown
that the concentration of most el ementsmeasured in
the gills or muscle exceeds the levels of these ele-
mentsin the water. These concentrations can exceed
the Moroccan standards which are signaled by the
Ministry of Equipment of Moroccol. As a resullt,
the consumption of these fish is a threat to human
healthi®. Further, note that, for the fish studied the
degree of Bioaccumulation may vary depending on
the organ and of the metal type (TABLE 4).

The phenomenon of the variation of the degree
of biaccumulation of metals according the organ type
has been noted in another fish, Oreochromis
niloticus. According Taweel et al. (2011)", in a
study conducted in Malaysia to estimate the con-

TABLE 4: Degreesof bioaccumulation of metalsin thestudied or gans, and the sizeof analyzed individuals

. Gills Muscle
metallic elements - - - - , .
Sizel Sizell Sizelll Sizel Sizell Sizelll

Lead high high high high high high
Cadmium high low low low high high
Manganese high high high low low low
Chrome high high high very weak very weak very weak
Nickel high high high very weak very weak very weak
Copper high high high very weak very weak very weak
Zinc high high low low low low




320

Bioaccumulation of some metal elements and micronutrients

RRBS, 9(9) 2014

Reguler Peper ==

centrationsof Pb, Cd, Cr, Cu, Ni and Znintheliver,
gillsand muscle of the fish, the results showed that
the concentration of metals which were
bioaccumulated in the tissues vary greatly depend-
ing on the organ type; the concentration was higher
in the gills than in the muscles. For cadmium and
chromium, a study was conducted to determine the
concentrations of these metals in the gills, kidney,
liver, skin, muscles and scales in three species of
fish (Catla catla, Labeo rohita and Cirrhina
mrigala) taken from three stationsin the river Ravi
in Pakistani®, The results showed that the concen-
trations of these metals vary considerably depend-
ing on thetype of organ, and ecological characteris-
ticstheenvironment of thefish. Thus, these authors
noted that for the three species, the concentrations
of cadmium and chromium were significantly dif-
ferent among the five organs of fish and according
to thethree collection sites. Similarly, using the Eu-
ropean eel (Anguilla anguilla) as associated
bioindicator, heavy metals and organic pollutants
have been studied in the Adour estuary (South West
France) and wetlands™. The concentration of copper,
cadmium, zinc, lead and silver were measured inthe
soft tissuesof yellow edls. Theresultsshowed that con-
centrationsin musclewere cons stent with moderately
contaminated environments.

Theseresultsshow that oftenitisthe concentration
inthewater of themetaswhichinfluencesthelevel of
the concentration of thesein theorgans. However, other
factorsmay beinvolved in thisphenomenon. Indeed,
for the specieswe have studied, K oca reported that
the concentration of some organic compoundsin the
aqueatic environment, such asammonia, nitrite, nitrate,
orthophosphate, and sulfateinfluencesthe absorption
degreeof themetal by thefish.

Furthermore, for many speciesof fish, theimpor-
tance of metal accumulationisafunction of size: more
thefishislonger, moreistheleve of cadmiumisimpor-
tanti*3, Thisphenomenonismost visbleintheliver and
musclebut notinthegills. Indeed, inthe present sudy,
we noted that it isthe young people who accumul ate
morecadmiuminther gills.

Asahypothes sthat explainsthisphenomenon, we
found that at the young individual s of the studied spe-
cies, themucussecretion of gillsismoreintensethan at
thegillsof theelderly ; thisabundance of mucus may
play asabarrier to an important accumul ation of the

cadmium in the gills. In contrast, and as Rand and
Petrocelli (1985)™ havereported for other speciesof
fish in older individuals, the inability to produce
mucus in abundance promotes the passage of heavy
metals in the blood and as aresult these metals are
less stuck at the gills.

CONCLUSION

We conclude that the studied lake water is me-
tallically polluted. According to the draft standard
Moroccan standards of surface water quality, wa-
ters are placed in the class of the very bad waters.

For the seven metal sstudied, thecomparing of the
recorded concentrationsinthethreewater-gill-muscle
compartments has showed that Lepomis gibbosus
could be considered as a bioaccumultor speciesof all
heavy metd sthat we have studied. So, it could be con-
Sidered asamonitoring speciesof the agquatic environ-
ment quaity.

Similarly, for many metals, the degree of
bioaccumulationinthegillsdiffersfromthat of theliver.
Also, for some element, the sizeof thefish, isadeter-
mining factor of thisdegree.

For al theseresults, the consumption of thefish
caught in the studied lake should be blocked by pro-
hibitingitsfishing.
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