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ABSTRACT

To conduct a health risk assessment of some heavy metals attributed to consumption of common edible fish species
available for consumers. Concentrations of Cd, Pb, Cu, Fe, Zn, Ni and Cr were determined in muscles, gills and
livers, of two common edible fish species, namely Palaemon Serratus and Solea Vulgaris. Concentrations of heavy
metals were determined by inductively coupled plasma- atomic emission spectroscopy (ICP-AES) and expressed as
mg/kg of wet tissue. Results showed that iron and zinc were the most abundant among all fish tissues under
investigation. The data obtained in the present work were compared well with the counterpart data reported
internationally. The estimated values of all metals in muscles of fish in this study were below the permissible limits.
Generally, risk values for the measured metals do not pose unacceptabl e risks at mean ingestion rate for muscles.

It can be concluded that the investigated metals in edible parts of the examined species have no health problems for
CONSUmers.

Keywords: Heavy metals, bioaccumulatidhalaemon Serratus, Solea Vulgaris, contaminalitaditerranean Sea.

INTRODUCTION

Anthropogenic activities continuously increase dngount of heavy metals in the environment, esggdralquatic

ecosystem. Pollution of heavy metals in aquaticsgstem is growing at an alarming rate and has becam
important worldwide problem. [1] Increase in popida, urbanization, industrialization and agricuétupractices
have further aggravated the situation [2,3]. Asviyaaetals cannot be degraded, they are deposissimigated or
incorporated in water, sediment and aquatic anifddland thus, causing heavy metal pollution inevdiodies [1].

Therefore, heavy metals can be bioaccumulated &ddgnified via the food chain and finally assirteld by

human consumers resulting in health risks [5]. @gnently, fish are often used as indicators of heaaetals

contamination in the aquatic ecosystem becauseadt@ypy high trophic levels and are important fsodrce [5].

In addition to its important source of proteinhfig/pically have rich contents of essential mingraitamins and
unsaturated fatty acids [6]. However, fish aretieddy situated at the top of the aquatic food ohd#ierefore, they
normally can accumulate heavy metals from foodewahd sediments [7]. The content of toxic heaviataen fish

can counteract their beneficial effects; severakesk effects of heavy metals to human health baea known for
long time [8]. This may include serious threatelilenal failure, liver damage, cardiovascular dissaand even
death [9]. Therefore, many international monitorprggrams have been established in order to atdsesgiality of

fish for human consumption and to monitor the Heal the aquatic ecosystem [10]. In the last fewadkes, the

515



S. Karimet al Der Pharma Chemica, 2016,8 (19):515-523

concentrations of heavy metals in fish have bedansively studied in different parts of the worldl]. Most of

these studies concentrated mainly on the heavylsnietdhe edible part (fish muscles). Neverthelesiser studies
reported the distribution of metals in differengans like the liver, kidneys, heart, gonads, badiggstive tract and
brain. According to the literatures, metal bioacalation by fish and subsequent distribution in oig#s greatly
inter-specific.In addition, many factors can infiee metal uptake like sex, age, size, reproductpete, swimming

patterns, feeding behavior and living environméat,(geographical location)[12].

In Morocco, there is not enough studies on the yeagtal content in thPalaemon Serratus and Solea Vulgaris.

Consequently, its saw necessary to provide wittaathge of data on the concentrations of these sigtatdible
tissues of these species to better assess thdinkgd with the consumption of this commodity. Gstudy is
therefore interested in the evaluation of the cunite seven metallic elements (Cd, Pb, Fe, CuNgrand Cr) in the
samples ofPalaemon Serratus and Solea Vulgaris in the Mediterranean, landed in the port of Nadoring the
autumn of the year 2014. We have retained thisiepatso as a sentinel organism and bio-indicat@odution in

this area.

MATERIALSAND METHODS

Fish sampling

The Palaemon Serratus and Solea Vulgaris have been retained as bioindicator in this studyisovide commercial
exploitation in the fishing sector in Moroccbhe individuals ofPalaemon Serratus andSolea Vulgaris were taken
at the level of Mediterranean Sea (port of Nadeigure 1).

The studied site extends over a coastline of 153181 This site is influenced by freshwater flowing wateed of
wadis especially in period of floods. Inter aklae province of Nador accounts 170 industrial ufitee ventilation
by branch allows releasing a clear predominandbethemical and para-chemical industry with 58s,féllowed
by the agrifood industry, mechanical, metallurgicelustry, textile, leather and electrical industmhich generate
industrial waste loaded with chemical products.
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Figure 1: Location of the studied site (Google maps)

Preparation and treatment of samples
The samples dPalaemon Serratus andSolea Vulgaris were obtained by the anglers from when they landédee
individuals per sample were stored in plastic bagd conserved at -20 °C. To avoid any contaminabprihe
environment or the sampling equipment, the proesiof sampling were performed according to the qaréens
described in the manual Aminot [14].
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In the laboratory, the samplesFdlaemon Serratus andSolea Vulgaris were dissected. On each individuals of sole,
three parts: The liver, the gills and the muscleremaken separately and then dried at 80 °C tstanhweight.
Then they are finely ground using an agate modavbid any external contamination by heavy metalguantity
varying between 0.5 g and 1 g of dry weight ofbi@ogical material was used for analysis of théofeing metals:
lead, copper, zinc, iron, cadmium, chromium, anckel. The mineralization was realized in two st¢pS]:
Calcination at 550 °C during 4 hours followed by arid attack at ambient temperature overnightptedld by
digestion at 60 °C for 2 hours. Then we have predéd membrane filtration "Millipore” 0.45 micron$ porosity.
The filtrate obtained is completed with ultrapurater to a volume of 25 mL, and then stored in gl in
polypropylene at 4 °C until analysis. The metadliements studied were determined by inductivelypteaiplasma-
atomic emission spectroscopy (ICP-AES).

Quality control of theresults

To take account of the matrix effect that can samet induce important analytical errorsference materials
(SRM: NIST 1566b) were used for the calibrationtbé measures. These samples were treated in the sam
conditions as our sampléafhite samples were used in parallels. The restiltlseorecovery percentages of the four
metallic elements in the reference materials usegheesented in Table 1.

Table 1: Recovery of various heavy metals of certified reference materials (CRMs)

NIST 1566 (MRC : oyster tissug)
Target % Recouv
Cadmium 42+04 107
Copper 66+4 97
Zinc 830 + 57 95
Iron 921 £ 59 89

SD-M-2/ TM (MRC: marine sediment); NIST 1566 (MRC: oyster tissue); (Mg/g dry weight).

Statistical Analysis

All data generated were analyzed statistically bjcwdating the mean and standard deviation of tleasured
parameters. The coefficient of variation and binaamtration factors of the metals were also caledla

RESULTSAND DISCUSSION

The Accumulation of heavy metals (Cd, Pb, Fe, Gu,Mi and Cr) in the samples of gills, liver ane tmuscle of
the Solea Vulgaris and the samples of muscle of thaaemon Serratus in the Mediterranean during the autumn of
the year 2014analyzed according to the techniques previouslyrilesd are represented in the table and figures
below. The results are expressed in milligrams of the elgnstudied per gram of dry matter (mg/kg DNihus,
each result represents the average of three teialzed in the same experimental conditions.

Table 2: Heavy metal concentration in the tissues of thefish species (Palaemon Serratus and Solea Vulgarisin mg/kg of the dry matter

C (Cd) C (Pb) C (Zn) C (Cu) C (Fe) C (Ni) CjCr
x 10° x 10° x 10° x 10° x 10° x 10 x10°
Palaemon Serratus
Muscle 0.71 +£0.001| 98.80+0.05| 329.39 +0.06| 46.62+0.02 | 354.52 + 0.22 1.56 + 0.0001 0.97+0.0007
Solea Vulgaris
Gills 4.45 £ 0.001| 62.03+0.03| 116.11+0.05| 89.32+0.08 | 596.37+0.48 235.24+0,08 33.65+0.05
Liver 13.32+0.01 | 72.58+0.05| 206 +0.11 | 24.09 £0.01| 98.85 43.05+ 0.04 14.68 +001
Muscle 2.48+0.0007| 60.65+0.05| 223.70+0.13| 14 +0.008 | 2.69 + 0.0008 1.94+0.0002.30+0.0008
CV% 85.54 10.02 31.70 96.26 0.62+0.001 46.22 35.11
Maximum limit WHO/FEPA (mg/kg)| 0.3 mg/kg 0.3mg/kg 30 mg/kg 3 mg/kg 0.5 mg/kg 0.6 1

Palaemon Serratus

Cadmium (Cd), Lead (Pb), Zin@n), Copper (Cu), Chromium (Cr)ron, (Fe) and Nickel (Ni) were analyzed and
the levels of the heavy metals concentration wezasured in the muscle of tRalaemon Serratus. The results of
the analysis are presented in Table 2 and furthustriated in Figure 2. Data on heavy metal cotregion in the
muscle ofPalaemon Serratus showed that heavy metals were accumulated in pleisiss as follows: Iron ( Fe), Zinc

(Zn) , Lead (Pb), Copper (Cu),Nickel (Ni), Chromi{@r) and Cadmium (Cd)
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Figure 2: Distribution of Iron (Fe), Zinc (Zn), Lead (Pb), Copper (Cu), Cadmium (Cd), Chromium (Cr) and Nickel (Ni) in mg/kg in the
muscle of Palaemon Serratus from the Mediterranean Sea

The results of this study indicated that conceiutnat of Iron and Zinc had the highest concentrationthe muscle
of PalaemonSerratus, such as their average concentration was 0.3540a32P mg/kg respectively. Lead and
Copper had the lowest concentrations (0.098 and60:1dg/kg), Cadmium, Chromium and Nickel had very
negligible concentrations. thus the comparisonhef doncentrations registered in these speciesestigtiows that
the concentrations of trace elements (Fe, Zn, @hayher compared to those of toxic elements KCrand Cd).
The contamination of aquatic systems with a widegeaof pollutants has become a matter of conceen the last
few decades [16]. Aquatic animals, part of the fabdin, can be contaminated by heavy metals [17§. fOxicity
and capacity of heavy metal accumulation in thesb&re serious problems for human health and etmaysafety.
We found that the concentrations of Fe are highan tother metals (Zrb, Cu, Ni, Cd, and Cr) iRPalaemon
Serratus, which these results are similar to [18]. Differaquatic organisms from other marine environmehthe
world have also been exposed to heavy metals.(192riations in heavy metal concentrations amtivggsamples
could have been dependent on factors such as siegaries, ecological zones, and trophic leveld. T2k
concentrations of heavy metal may be dependenpedies, feeding habits, the bioconcentration capatieach
species, or ecological zone [22]. In many studiesteasing amounts of heavy metal accumulationguoatc
organisms have been linked to urbanization, agtiogy oil activities, and anthropogenic sources Tawest Fe, Zn
and Pb, concentrations can be due to the presdnoajor industries such as SONASID and SOFRENORh@
Nador city.

Comparing the present data with guidelines andtdirfifable 2), it can be seen that most of metatentnations
found in the tissues of aquatic animals provededélow the tolerance levels for human consumptaecording
to many researchers, some shellfishes by virtukedf mobile nature are not fair indicator of aguabntamination,
but their regular consumption by human beings mitkescessary to monitor their different organgtipalarly the
muscles. The present study is therefore importahbnly from the safety point of view of human hbabut also
from the quality point of view as many of thesellisé species have high export value.

Solea Vulgaris

This paper presents the assessment outcome ofrC8uCFe, Ni, Pb and Zn levels in muscle, gillsl éimer, of the
Solea Vulgaris from the Mediterranean Sea. Concentrations of \neastals under investigation are presented in
Figure 3. There were differences in the concemtnatof the studied metals between different orgasZn and Pb
were the most abundant in all the examined ordanthe liver samples, Fe > Zn > Pb > Cu > Cd > N&rz in the
gills, Fe > Zn > Cu > Pb > Ni > Cr > Cd; in the roles samples, Zn > Pb > Fe > Cu > Cd > Ni > Cr.
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Figure 3: Distribution of Iron (Fe), Zinc (Zn), Lead (Pb), Copper (Cu), Cadmium (Cd), Chromium (Cr) and Nickel (Ni) in mg/kgin the
muscle, gillsand liver of Solea Vulgarisfrom the Mediterranean Sea

»  The contents of Cd:

Cd is widely known to be a highly toxic non-essaintieavy element. It doesn’t have an essentialirolgological
process in living organisms. Thus, even at its tmncentration, Cd could be harmful to living organs [23]. The
distribution pattern of Cd in the present study wWeesdecreasing order of liver > gills > muscleeTier seemed to
be the organ, which accumulates the highest lek/€d This is in agreement with WHO-IPCS Environiatn
Criteria of Cd [24], which reported that Cd is gtiin the body in various tissues. The main sitecaumulation of
Cd in aquatic organisms is the kidney and livef.[RBean levels of Cd in the muscles was relatitetyer than the
standard set by the WHO 0.3 mg/kg and the perniséiimits suggested by Food and Agriculture Orgatian
(FAO)(0.5ug/g) [26] . Cd levels in the present study wereegally in similar ranges with the literature, whétre
has been reported as 0.02-021g for muscles of fish from the Black Sea coa2i;[0.3-0.12ug/g for muscles
and 0.02-0.35ug/g for livers of fish from the Tuzla Lagoon, Megtitanean Sea region [28]; 0.13-04gd/g for
livers of fish from the Marmara, Aegean and Medaeean Seas [29]; 0.09-0.27, 0.30-1.49, 0.27-Q4§ and
0.03-0.52, 0.07-0.41, 0.07-0.1®m/g for muscle, liver and gill tissues respectivély fish from the Egyptian
Mediterranean Sea [30,31].

» The contents of Pb:

Pb is a non-essential metal and a toxic elementhatan affect fish in high doses, lead to a deswéa survival,
growth rates, development and metabolism and tinttreased mucus formation. Pb may have many aelVeralth
effects including neurotoxicity and nephrotoxicity2]. This is due to the fact that Pb and Ca areilar in
deposition and in mobilization from bones as prasiy reported by Moore and Ramamoorthy [33]. Thtrittiution
pattern of Pb in the present study was the deargasier of liver > gills > muscleln this study, lead levels were
below the recommended limits of 0.3 mg/kg for fisled. Lead levels in the literature have been reggbin the
range of 0.22-0.8hg/g for fish from the middle Black Sea [34]; 0.338ug/g for fish from the Black and Aegean
Seas for muscles [35]; 1.41-3.9®&/g, 0.38-5.20ug/g, 0.83-3.71ug/g for fish livers [28,29]. The average
concentration of Pb in the muscles measured insthidy was considerable lower than the Turkish foadex (0.2
ug/g), the European commission (@§/g) and the Saudi Arabia Standards OrganizgfiqQu/g) [36].
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* The contents of Zn:

Zn is one of the most important trace elementsfwmal growth and development of humans. Its deficy results
from inadequate dietary intake, impaired absorptéxtessive excretion or inherited defects in Zmammelism [37].
Moreover, Zn is also considered as highly bioatéddan the aquatic environment and thus may exHilgher
accumulation in various tissues [7]. The distribntpattern of Zn in the present study was the @esing order of
muscle > liver> gills. Average concentrations af i the muscle ofolea Vulgaris measured was within the
permissible limits suggested by FAO (3§/g) [26], Saudi Arabian allowable limits (3@/g).These amounts of Zn
in the muscle cannot cause harm to the fish thamsels well as consumers. Zn concentrations isdah®les were
compared well to earlier reports on the fish spefiem the Black Sea coasts with 9.5-22d#g for muscles [27],
9.83-195ug/g for livers of fish from Turkish seas [38], 2499.8 ug/g for livers of fish from Tuzla Lagoon,
Mediterranean sea region [28], 26.2-43dgg for livers of fish from Marmara, Aegean and Medanean seas [29],
16.1-31.4, 30.5-67.7 and 27.3-76g/g for muscles, gills and livers of fish from Mtstranean sea [39].

* The contents of Cu:

Copper is an essential metal in fish and is regdlah the muscle tissue with high molecular weightteins
(metallothionein-like) [40]. The distribution patteof Cu in the present study was the decreasidgroof gills >
liver > muscle. In this study, copper levels weedol the recommended limits of WHO/FEPA for coppang/kg.
The concentrations of Cu in these samples werédhow this value; therefore, regular consumptiohfish with
such low amounts of Cu could not lead to any sariwealth risk as far as Cu is concerned. Cu léudlse present
study are in good agreement with previous recondddes of fish species where the values ranged B@8 to
12.00ug/g for livers of fish from the Tuzla Lagoon [28);32 to 6.48, 5.29 to 14.90y/g for fish from Marmara,
Aegean and Mediterranean Seas for muscles and likespectively [29]; 0.74 to 2.24 for fish fronetlskenderun
Bay for muscles [41]; 0.70 to 27, 3.10 to 3&pqg for fish from the Lake Budi [42]; 7.32 to 13,2213 to 10.83,
12.97 to 14.92, 68.84 to 184.88/g for muscles, skins, gills, livers , respectyydor fish from Lake Qaroun [43].

* Thecontents of Fe:

Iron is an essential element of most life forms ammmal human physiology. In humans, it is an essen
component of protein involved in oxygen transpdirtsn the lungs to the tissue [44]. Fe is also eizefor the
regulation of cell growth and differentiation [45The distribution pattern of Fe in the present gtudhs the
decreasing order of gills > liver > muscle. In teiady, the observed mean value of Fe in the gjillea Vulgaris

is a bit beyond the WHO/FEPA recommended limit®.8f mg/kg with a value of 0.596 mg/kg. The higresitent
is obtained in the gills because the gills are itkared as organs of accumulation of all metallenednts. This is the
first organ of accumulation that is in direct carttevith water. The content which is the lowest algd in the flesh
is significant because the muscle is an organ dhbwdization. However, an essential heavy metal, Fe has the
tendency to become toxic to living organisms, ewdien exposure is low. Iron concentrations in thespnt study
were generally in agreement with the literature rgh#gon levels mainly ranged between 0.6 and 0.7Lmg
accumulated in the soft part of the sea urchindgmtaotus lividus of the Mediterranean littoralSHidia [46].

» The contents of Ni:

The Nickel concentration in tH&olea Vulgaris studied don’t present a significant differencerstiwat the highest
value is in the range of 0.043 mg/kg obtained andHls, whereas the lowest concentration is inrdrge of 0.0023
mg/kg obtained in the muscle. The distribution graittof Ni in the present study was the decreasidgroof gills >
liver > muscle. The nickel concentrations in thisdy are very low and they aren’t dangerous neithiethe species
nor for human healtthe results found are similar to those found bydabde et al. [47], who found 0 mg/kg in the
liver and muscles of some fish and Eralagere eff4dl] which found 0.039 to 1.44 mg/kg in Oreochremi
mossambicus Jannapura lake of India.

* The contents of Cr:

Cr is an essential trace metal. The biologicallgbls form of chromium plays an essential role incgke
metabolism. It has been estimated that the avdragen requires nearlydg/day [49]. The distribution pattern of
Cr in the present study was the decreasing ordaillsf > liver > muscle. The present Cr concentnadi were
comparable to those reported from Masoud et al. {6th 0.23-1.26, 1.02-5.71 and 0.39-3.28/g for fish from
Alexandria coastal waters, Egypt, for muscle, liaad gill tissues, respectively. The maximum guidgl 12-13
ng/g, stipulated by the United States Food and Didministration was higher than the concentratiofsCo
measured in all the fish samples used in this sfbdljy The present study revealed that the conagatrs of Cr in
the gills, liver and muscle were not consistentyhier than the WHO/FEPA recommended limits.

Bio-Concentration Factors of Heavy M etals:

The bio-concentration factors (BCF) of the heavytaiseobtained in fish samples were as recordedwnhalsing
equation:
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_Corganismr
Cwater

BCF

Where:
- C organism = Concentration of metal in theamigm
-C water = Concentration of metal in water

Table 3: The bio-concentration factors of heavy metalsin fish samples

Cd Pb Zn Cu Fe Ni Cr

Palaemon serratus

Muscle 0.03 130 447 6.60 110 0.46 0.04
Solea Vulgaris

Gills 1.06 0.14 042 0.20 0.69 0.16 0.02
Liver 3.17 0.14 057 057 0.24 0.16 0.03
Muscle 0.59 0.11 0.62 033 0.03 0.13 0.01
Mean 16 013 119 0.88 094 0.15 0.02

From the results of bio-concentration factor olddirn Table 3, it was observed that in the sampfeRalaemon
serratus copper and zinc had the highest value respect&€9 and 4.47, as well as Pb, Fe, with BCF valdes o
1.30;1.10 respectively, only the Cr,Ni and Cr #ine values lower than the 1.00 recommended limfts
WHO/FEPA.For samples dolea Vulgaris the highest bio-concentration factor was obsergetl.6 and 1.19 for
cadmium and zinc, however Pb, Cu, Fe, Ni and Ch,BICF values of 0.13 ;0.88 ;0.94 ;0.15 and 0.02lmevalues
lower than the recommended limits of WHO/FEPA. Téli®ws that the samples B&laemon serratus and Solea
Vulgaris have a strong tendency to bioaccumulate certaamyheetals like Zn, Cu, Fe, Pb fBalaemon serratus
and Cd, Zn forsolea Vulgaris. However, it should be noted that the concept oattomulation result of several
mechanismsacting simultaneously or with a time la8joaccumulation, for the same chemical products Gy
considerably depending on the species, stage @la@went of individuals, habitat characteristichl (galinity and
temperature), sex, diet, properties of the contantiretc. . . . [52].

BCF values in this study are significantly loweanhthose obtained by Katemo Manda [53] who repdB€& 101
to 143 for the Cd, from 28 to 53 for Pb and 157-8#6As in the muscles of two species of tilapiag@chromis
and Tilapia macrochi rendalli).

CONCLUSION

In view of the importance of fish to diet of mah,is necessary that biological monitoring of thetavaand fish
meant for consumption should be done regularly risuse continuous safety of the seafood. Safe didpafs
domestic sewage and industrial effluents shouldraeticed and where possible, recycled to avoidethmetals and
other contaminants from going into the environméatvs enacted to protect our environment shoulériferced.
The values reported in this study can serve aslibasgata to monitor future anthropogenic actiat@ong the
coastthese results show that the concentrations of 6dZR, Cu, Fe, Ni, Cr in the samples Bflaemon serratus
are below the norm except for Fe in the sampleSol#a Vulgaris which exceeds a little the standard set by the
WHO, while values of BCF show that the sampleBadbemon serratus andSolea Vulgaris have a strong tendency
to bioaccumulate certain heavy metals like Zn,C#Befor Palaemon serratus and Cd,Zn forSolea Vulgaris.
However, it should be noted that the concept ofatdomulation result of several mechanisrasfing
simultaneously or with a time ladioaccumulation, for the same chemical products eary considerably
depending on the species, stage of developmentlofiduals, habitat characteristics (pH, salinibgdemperature),
sex, diet, properties of the contaminant. Evenhd tevels of bioaccumulation are not yet very caiti other
monitoring programs should be conducted.
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