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Abstract — Heavy metals are dangerous to aquatic
organisms and it can be bioaccumulated in the food chain
leading to diseases in humans. Cumulative effects of metals
or chronic poisoning may occur as a result of long term
expose even to low concentrations. The accumulation of
heavy metals conditions depending upon the species,
environmental conditions and inhibitory processes.
Considering the human health risk due to the consumption of
fish, the concentration of three heavy metals lead (Pb),
cadmium (Cd), and mercury (Hg) are investigated in six
organs (muscle, kidney, liver, gonads, brain, and gills) of tuna
fish species (Katsuwonus pelamis, Thunnus albacares,
Thunnus obesus) samples collected from the coast zone of
Cote d’Ivoire. The results showed that the highest
concentrations of the three metals (Cd, Pb, Hg) were
observed in the gills and the liver. The organ less
contaminated was the gonads. The mercury was accumulated
preferentially in the gills, kidney, and muscle, while the
cadmium and the lead were accumulated respectively in the
liver and the brain. These metal concentrations were below
the limits set by the world health organization (WHO).
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I. INTRODUCTION

The aquatic environment is particularly sensitive to the
toxic effects of contaminants since a considerable amount
of the chemicals used in industry, urbanization and in
agriculture enter marine and other aquatic ecosystems.
Heavy metal contaminants have been reported in aquatic
organisms [1]. These pollutants build up in the food chain
and are responsible for adverse effects and death in the
aquatic organisms. Heavy metals are stable and persist in
environmental contaminants of aquatic environments and
their organisms. According to WHO [2], metal occur in
less than 1% of the earth’s crust, with trace amounts
generally found in the environment and when these
concentrations exceed a stipulated limit, they may become
toxic to the surrounding environment [2]. They occur in
the environment both as a result of natural processes and
as pollutants from human activity [1]. From an
environmental point of view, coastal zones can be
considered as the geographic space of interaction between
terrestrial and marine species. The coastal zones are
received a large amount of metal pollution from industrial
activities, agricultural runoff, and other anthropic activities
[3]. Heavy metals are dangerous to aquatic organisms and
it can be bioaccumulated in the food chain leading to
diseases in humans [3]. Cumulative effects of metals or
chronic poisoning may occur as a result of long term

expose even to low concentrations [1]. The accumulation
of heavy metals conditions depending upon the species,
environmental conditions and inhibitory processes. The
rate of bioaccumulation of heavy metals in aquatic
organisms depends on the ability of the organisms to
metabolize the metals and the concentration of such metal
in the water column.

Fish, as human food, are considered source of protein,
polyunsaturated fatty acids particularly omega-3 fatty
acids, Calcium, Zinc and Iron [3]. And it is considered one
of the high nutrient sources for humans that contribute the
lower the blood cholesterol and reduce the risk of stroke
and heart diseases [4]. Among the aquatic fauna, fish is
most susceptible to heavy metal contamination than any
other aquatic fauna. Fish, as a bioindicator species, plays
an increasingly important role in the monitoring of water
pollution because it responds with great sensitivity to
changes in the aquatic environment

Considering the human health risk due to the
consumption of fish, the concentration of heavy metals
(Pb, Cd and Hg) are investigated in organs of three species
of tuna (Katsuwonus pelamis, Thunnus albacares,
Thunnus obesus) collected from fish landing Port of
Abidjan, Cote d’Ivoire.

II. MATERIALS AND METHODS

2.1. Sample collection

The fish samples of Skipjack tuna (Katsuwonus
pelamis), yellowfin tuna (Thunnus albacares) and bigeye
tuna (Thunnus obesus) used for this study were collected
from fish landing Port of Abidjan, Cote d’Ivoire. The fish
samples transported to the laboratory in ice boxes and
stored at -20°C until future analysis.
2.2. Sample preparation

The fish samples were thoroughly washed with tap
water and distilled water to remove any adhering
contaminants and drained under folds of filter paper. The
fish were subsequently dissected and muscle, liver,
kidney, gills, gonads and brain) have been collected and
stored at -20°C until analysis.
2.3. Metal analysis

Three specimens from each species were used for the
analysis. The tissues were oven dried at 70 to 73°C until
constant weight was obtained. The specimens were then
ground to fine powder and stored in desiccators in order to
avoid moisture accumulation before digestion. The
digestion procedure was carried out as described by
AOAC [5]. Twenty milliliter (20 ml) of concentrated nitric
acid (55%) and 10 ml of perchloric acid (70%) was added

Copyright © 2014 IJAIR, All right reserved
392



to approximately 1 g tissue (dry mass) in a 100 ml
Erlenmeyer flask. The digestion was done on a hotplate
(200 to 250°C) until the solutions were clear. The
solutions were then filtered through an acid resistant 0.45
mm filter paper and made up to 50 ml each with distilled
water. The samples were stored in clean glass bottles prior
to the determination of the metal concentration using
Atomic Absorption Spectrophotometer (ASS) as described
by AOAC [6]. A standard sample, consisting of tuna
homogenate (sample TAEA-350) from the International
Atomic Energy Agency Marine Environment Laboratory,
was prepared and used as a control in accordance with the
afore-mentioned procedures with every set of samples, to
ensure accuracy of data through comparison [6].
Analytical standards were prepared from Holpro stock
solutions. Prior to use, all glassware were soaked in a 2%
Contrad soap solution (Merck chemicals) for 24 h, rinsed
in distilled water, acid-washed in 1 m HCL for another 24
h and rinsed again in distilled water. Each sample was
analyzed in triple to ensure accuracy and precession for
the analytical procedure
2.4. Statistical analysis

Heavy metal concentrations are expressed as pg/kg fresh
weight. The values have been determined on average +
standard deviation. The average concentration of each
metal in fish was calculated by the sum of averages in
each organ studied. The variation of metal concentrations
among organs was determined by analysis of variance
(ANOVA). Comparisons of average levels of organs were
carried out using the Duncan test when the differences are
significant (p < 0.05). Analyses were made by software
STATISTICA (version 7.1).

III. RESULTS

The concentrations of heavy metals in Skipjack tuna
Katsuwonus pelamis tissue are recorded in Table 1. Tissue
metal concentrations vary depending on the metal and
organs. Variance analysis indicated a significant difference
(p < 0.05) at the level of each organ regardless of the metal
concentrations. The mercury content is higher in the gills
(474.81 = 63.15 pg/kg fresh weight) followed by liver
(266.12 + 45.84 pg/kg fresh weight). The lowest mercury
content was observed in gonads (58.32 + 16.36 ug/kg
fresh weight). The other organs have intermediate
concentrations. As the lead, it is concentrated in the liver
(531.47 + 105.60 pg/kg wet weight) and brain (507.94 +
119.56 pg/kg fresh weight) compared to other organs. The
cadmium concentration was higher in the gills (49.06 +
12.64 ng/kg fresh weight) but lower in the gonads (9.92 +
2.38 pg/kg fresh weight). The overall order of heavy metal
concentration in different organs of Skipjack tuna
Katsuwonus pelamis was as follows:

- Hg: Gills > liver > kidney > muscle > brain > gonads
- Pb: Liver > brain > gills > kidney > gonads > muscle
- Cd: Gills > liver > kidney > brain > muscle > gonads

The concentrations of mercury, lead and cadmium
measured in yellowfin tuna Thunnus albacares are
presented in Table 2. Mercury concentrations were
significantly higher (p<0.05) gill (440. 34 + 105.24 ug/kg
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fresh weight) compared to other organs studied. The
lowest concentration of mercury was observed in gonads
(38.09 £ 10.03 pg/kg fresh weight). The lead was more
concentrated in the liver, kidney and gills compared with
muscle (112.28 + 31.17 ug/kg wet weight) and gonads
(81.31 + 17.11 pg/kg fresh weight). The cadmium
concentration was significantly higher in the liver (186.86
+ 53.30 pg/kg fresh weight) compared to concentrations
measured in other organs. The concentration of cadmium
in gills (50.55 + 18.53 pg/kg wet weight) was
intermediate. The overall order of heavy metal
concentration in different organs of yellowfin tuna
Thunnus albacares was as follows:
- Hg: Gills > kidney > muscle > brain > liver > gonads
- Pb: Brains > kidney > gills > liver > muscle > gonads
- Cd: Liver > gills > kidney > brain > muscle > gonads
Table 3 shows the mean values of mercury, lead and
cadmium in the bigeye tuna Thunnus obesus. Mercury
concentration in gills (47593 + 118.08 pg/kg fresh
weight) was significantly higher (p <0.05) compared to
other organs studied. The lowest concentration of mercury
was observed in gonads (46.87 £ 20.55 pg/kg fresh
weight). The lead was 2 or 3 times more concentrated in
the brain (882.33 + 196.42 ng/kg fresh weight) than in
other organs. The lowest concentration of lead has been
measured in muscle (156.60 + 32.84 ug/kg fresh weight).
The cadmium concentration is 20 times higher in the liver
(276.13 + 57.01 pg/kg fresh weight) compared to
concentrations measured in other organs except in the gills
where the concentration was intermediate (40.40 + 17.43
pg/kg wet weight). The overall order of heavy metal
concentration in different organs of bigeye tuna Thunnus
obesus was as follows:
- Hg: Gills > muscle > kidney > liver > brain > gonads
- Pb: Brains > liver > gills > kidney > gonads > muscle
- Cd: Liver > gills > kidney > brain > muscle > gonads
Figure 1 shows the mean concentrations of mercury,
lead and cadmium calculated in different fish species
studied. The levels of mercury in the three species showed
that the highest value was determined in Katsuwonus
pelamis (233.57 + 85.95 png/kg fresh weight) compared to
the other two species in which no significant differences
were observed. The average lead concentration was
significantly higher in Thunnus obesus (375.55 + 35.77
pg/kg fresh weight) followed by Katsuwonus pelamis
(332.58 + 64.61 pg/kg fresh weight). The lowest average
lead concentration was determined in Thunnus albacares
(22170 = 87.48 pg/kg fresh weight). Regarding the
cadmium concentration, the lowest value was determined
in Katsuwonus pelamis (23.24 + 12.89 pg/kg fresh weight)
compared to that calculated in the other two species
Thunnus albacares (48.44 + 30.44 pg/kg wet weight) and
Thunnus obesus (60.20 + 35.50 pg/kg fresh weight). The
order of accumulation of three heavy metals in three
species of tuna landed in the fishing Port of Abidjan was
as follows:
- Hg: Katsuwonus pelamis > Thunnus obesus > Thunnus
albacares
- Pb: Thunnus obesus >Katsuwonus pelamis > Thunnus
albacares
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- Cd: Thunnus obesus >Thunnus albacares > Katsuwonus
pelamis

Overall, the average concentration of lead in fish
(309.94 + 62.62 pg/kg wet weight) was higher followed by
mercury (219.61 + 70.61 ng/kg fresh weight). The
cadmium concentration was the most low (43.96 + 26.28
ug/kg fresh  weight). Depending on different
concentrations determined in studied organs, the order of
bioaccumulation of heavy metals in tuna fish can be
established as follows: Pb > Hg > Cd.

IV. DISCUSSION

The different concentrations of heavy metals in the
organs of three species of tuna landed in the fishing Port of
Abidjan show a big organotropism. Bigeye tuna Thunnus
obesus is the most contaminated by lead and cadmium.
While cadmium is accumulated in the liver and gills, lead
is more concentrated in the brain. Skipjack tuna
Katsuwonus pelamis has the highest concentration of
mercury. This metal is found mainly in the gills and liver
in this species. On the other hand, yellowfin tuna Thunnus
albacares is the less contaminated species of mercury and
lead. Studied contaminants have been found in gills and
kidney with regard to mercury in brain and kidney for
which lead was higher. Bioaccumulation of heavy metal in
the organism is dependent on many factors that can be
classified into two groups. The first group concerns the
abiotic factors which relate to its nature of chemical
element, its concentration, its speciation, with or without a
biological role [7]. The second group is the biotic factors
appropriate to the organism and focuses on the species, its
life history, sex, age, diet, including its composition and its
metabolism [8]. Metal contaminants are then absorbed by
active and passive processes. The combination of all these
factors will determine the affinity or distribution,
localization, and the Dbioaccumulation of metal
contaminants in different tissues or organs including liver,
kidney, and gills and to a lesser extent muscle [9].

Our results show the presence of metal trace in tissues in
different proportions regardless of the species studied.
Gonads and muscles are less contaminated by lead and
cadmium regardless of the tuna species studied. However
mercury concentrations are most important in muscle.
They range from 180.53 + 46.43 pg/kg fresh weight
(Thunnus albacares) at 226.07 + 64.86 pg/kg fresh weight
(Thunnus obesus). Our data in the muscle are similar to
those reported by Storelli et al. [8] in Thunnus thynnus in
the Mediterranean Sea. On the other hand mercury is
found preferentially in the gills in the three tuna species,
while lead is mainly concentrated in the brain and liver. In
Katsuwonus pelamis, this metal trace was mainly
accumulated in the liver. On the other hand, in Thunnus
albacares and Thunnus obesus the bioaccumulation of
lead occurs primarily in the brain. Concerning cadmium, it
founds in high concentrations in the liver and the gills
depending on species studied. In, Katsuwonus pelamis, the
most contaminated organ by cadmium is the gills. In
contrast the cadmium was more concentrated in liver of
Thunnus albacares and Thunnus obesus. The three heavy
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metals studied metal were found throughout the different
organs of the three tuna species, but preferentially in the
gills, liver, brain and kidney. The same observations were
made by Hamza-Chaffai et al. [10]. According to these
authors the heavy some metals have affinity for fatty
tissues, showing by hepatic accumulation as well as in the
brain except methylmercury which is more concentrated in
the gills. Outside gills and gonads, the distribution of
mercury seems be uniform in other organs. This
observation does not corroborate the results of INERIS
[11] who reported a high accumulation of mercury in the
kidney compared to other organs.

Furthermore, our results indicate that gills and liver
were more contaminated than the brain and much more
than the kidney, muscle and gonads. This established order
was well found by other authors who founded that this can
be explained by their respective roles in the life of the fish
[10].The gills are external organs which have direct
contact with metals and effluents and playing an important
role in respiration in fish. They are the main organs of
absorption of the metal contaminants for aquatic species.
According to Hamza-Chaffai er al. [10], the metallic
charge of gills better reflects the relative importance of
different metallic contaminants in the environment. The
gills were used as an indicator for the monitoring of metal
contaminants in the environment. In addition, the gills
contain binding proteins called metallothioneins
specifically refined metal contaminants [12], [13]. These
authors suggest that ionized metals are primarily
bioaccumulated through the gills of fish and conveyed
through the circulatory system to the different organs.

According to our results the liver is the second organ
which was more contaminated with a high concentration
of cadmium in Thunnus obesus (276.13 £ 57.01 pg/kg wet
weight) and Thunnus albacares (186.86 + 53.30 pg/kg
fresh weight). This fact has been observed by Canli & Atli
[14] and Karadede et al. [15] who reported the affinity of
cadmium for the liver, an organ for metabolism [14], [15].
Study of metal contaminants in liver can provide
information on the contribution of diet (indirect way) in
the exposition of fish. Also the capacity for storage and
regulation of metal contaminants in the liver has been
widely described in both Thunnus albacares and
Katsuwonus pelamis tuna species studied [16] than in
other species such as Thunnus thynnus [17], Anguilla
anguilla 18], Liza aurata [19]. The liver is also an organ
of the production of metallothionein detoxification [20],
[21]. These proteins specialized in the chelation of the
metals, play an important role in the homeostasis of the
divalent metal ions [13], [22]. This is likely due to the very
important physiological role of the liver in detoxification
[23]. Furthermore our results of metal concentrations in
the kidneys were similar to those reported by Jaffar &
Ashraf [24] in Thunnus thynnus in the Arabian Sea.

V. CONCLUSION

Exposure of the three tuna species for metal
contaminants (Cd, Hg, Pb) in their natural environment
shows preferential accumulation of these metals according

Copyright © 2014 IJAIR, All right reserved
394



to the organs. Apart from the gills, external organs
filtering water and retaining all of the metal contaminants,
accumulation of metal contaminants in the internal organs
(kidney, liver, muscle, brain and gonad) was preferentially
according physicochemical forms of storage of metals.
The cadmium was mainly concentrated in liver, while
mercury was accumulated in muscle and kidney and lead
showed primarily accumulation in the brain

In this study, the heavy metal concentrations were below
the maximum levels recommended by regulatory agencies
and, depending on daily intake by consumers, might
represent no risk for human health. Finally, we
recommended that a long-term continuous monitoring to
check metals pollution, in order to control of metal in
water and fish, control and assessment of the metal content
in water of coastal zones area which are supplied by
pollution from industrial activities, agricultural runoff, and
other anthropic activities.

REFERENCES

[1] Jordao CP, Pereira MG, Bellato CR, Pereira JL, Matos AT.
2002. Assessment of water system for contaminants from
domestic and industrial sewages. Environment Monitoring and
Assessment, 79:75-100.

[2] WHO (World Health Organization). 1991. Inorganic Mercury
Environmental Health Criteria. Vol. 118. Geneva: 1591-1991.

[3] Krishna P.V., Rao K.M., Swaruparani V., Rao D.S. 2014. Heavy
Metals Concentration in Fish Mugil cephalus from
Machilipatnam Coast and Possible Health Risks to Fish
Consumers. British Biotechnology Journal 4(2): 126-135.

[4] Storelli M.M. 2008. Potential human health risk from metal (Hg,
Cd and Pb) and polychlorinated biphenyl’s (PCBC) via sea food
consumption: Estimation of target hazard quotients (THQs) and
toxic equivalent (TEOs). Food and Chemical Toxicology
46:2782-2788.

[5] AOAC 2003. Officials methods of analysis 999.10 Lead,
cadmium, Zinc, Copper, and Iron in foods, atomic absorption
spectrophotometry after microwave digestion. 17" Edition, 2™
revision, Washington, DC.

[6] AOAC 2000. Officials methods of analysis 971.21 Mercury in
foods, Flameless atomic absorption spectrophotometric method.
17" Edition. Washington, DC.

[7] Amiard J.C., Amiard-Triquet C., Berthet B., Métayer C. 1987.
Comparative study of the patterns of bioaccumulation of
essential (Cu, Zn) and non-essential (Cd, Pb) trace metals in
various estuarine and coastal organisms. Journal of Experimental
Marine Biology and Ecology 106: 73-89.

[8] Storelli M.M., Giacominelli-Stuffler R., Storelli A.,
Marcotrigiano G.O. 2005. Accumulation of mercury, cadmium,
lead and arsenic in swordfish and Bluefin tuna from the
Mediterranean Sea: A comparative study. Marine Pollution
Bulletin 50: 1004—-1007.

[9] Boudou A., & Ribeyre F. 1989. Interactive Ecotoxicological
Models: Trophic Chains and Experimental Ecosystems: Study of
Bioaccumulation. In: Aquatic Ecotoxicology: Fundamental
concepts and Methodologies. Boudou A. & Ribeyre F. Eds. CRC
Press, pp. 210-314.

[10]  Hamza-Chaffai A., Romeo M. El Abed A. 1996. Heavy metals
in different fishes from the middle eastern coast of Tunisia.
Bulletin of Environmental Contamination and Toxicology 56 :
766-773.

[11]  INERIS 2010. Fiche de données toxicologiques et
environnementales des substances chimiques, mercure et ses
dérivés. [Online] Disponible sur  internet  http://
www.ineris.fr/centredoc/gt/gic4.pdf

[12] Hamza-Chaffai A., Cosson R.P., Amiard-Triquet C., El Abed A.
1995. Physico chemical forms of storage of metals (Cd, Cu and
Zn) and metallothionein-like proteins in gills and liver of marine
fish from the Tunisian coasts: ecotoxicological consequences.

International Journal of Agriculture Innovations and Research

Volume 3, Issue 2, ISSN (Online) 2319-1473

Comparative Biochemistry and Physiology Part C 111: 1112-
1123.

[13] Atli G. & Canli M. 2008. Responses of metallothionein and
reduced glutathione in a freshwater fish Oreochromis niloticus
following metal exposures". Environmental Toxicology and
Pharmacologie 25:33-38.

[14] Canli M. & Atli G. 2003. The relationships between heavy metal
(Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six Mediterranecan
fish species. Environmental Pollution 121:129-136.

[15] Karadede H., Oymak S.A., Unlu E. 2004. Heavy metals in
mullet, Liza abu and Catfish, Silurus triostegus, from the Ataturk
Dam Lake (Euphrates), Turkey. Environmental International 30:
183-188.

[16] J. Kojadinovic J., Potier M., Le Corre M., Cosson R.P,
Bustamante P. 2007. Bioaccumulation of trace elements in
pelagic fish from the Western Indian Ocean. Environmental
Pollution 146(2): 548-566.

[17] P. Licata P., Trombetta D., Cristani M., Naccari C., Martino D.,
Calo M., Naccari F. 2005. Heavy metals in liver and muscle of
bluefin tuna (Thunnus thynnus) caught in the straits of Messina
(Sicily, Italy). Environment Monitoring Assessment 107: 239—
248.

[18] Oliveira-Ribeiro C.A., Vollaire Y., Sanchez-Chardi A., Roche H.
2005. Bioaccumulation and the effects of organochlorine
pesticides, PAH and heavy metals in the Eel (Anguilla anguilla)
at the Camargue Nature Reserve, France. Aquatic Toxicology
74(1): 53-69.

[19] Usero J., Izquierdo C., Morillo J., Gracia 1. 2003. Heavy metals
in fish (Solea vulgaris, Anguilla anguilla, Liza aurata) from salt
marshes on the southern Atlantic coast of Spain. Environment
International 29: 949-956.

[20] Evoglu K., Atli G., Canli M. 2005. Effects of metal (Cd, Cu,
Zn) interactions on the profiles of metallothionein-like proteins
in the Nile fish Oreochromis niloticus. Bulletin  of
Environmental Contamination and Toxicology 75: 309-399.

[21] Linde AR., Klein D., Summer K.H. 2005. Phenomenon of
hepatic overload of copper in Mugil cephalus: role of
metallothionein and patterns of copper cellular distribution.
Basic Clinic Pharmacology and Toxicology 97: 230-235.

[22] Ramade F. 1997. Ecotoxicologie. Masson, Paris.

[23] Benamar N. 2006. Evaluation de la pollution marine par trois
éléments en trace métalliques (plomb, cadmium et zinc) sur un
poisson pélagique : l’allache Sardinela aurita (Valencienne,
1847) péchée dans la baie d’Oran. Mémoire de Master,
Université d’Oran, Algérie.

[24] Jaffar M. & Ashraf M. 1988. Selected trace metal concentrations
in different tissues of fish from coastal waters of Pakistan
(Arabian Sea). Indian Journal of Marine Sciences 17: 231-234.

AUTHOR’S PROFILE

Kouamé Mathias Koffi, Ph.D.

was born on December 15, 1967 in Boukebo, Ivory
Coast. He holds a Ph.D. degree from University of
Cocody, Cote d’Ivoire in 2006. His field of study was
"¢ on Biochemistry food Science and Food Toxicology.
' He is Lecturer since July 2014 at the Laboratory of

Food Science (BSA) in the UFR Biosciences of the
University of Felix Houphouet-Boigny. He is lecturer since July 2014.
He is author and co-authors of several publications in internationally
reputable referred journals. His research focus is mostly on metal
bioaccumulation and bio-concentration in foodstuffs and animal
nutrition. It is also responsible for the service of physico-chemical
analyses to the Central Laboratory for Food Hygiene and Agribusiness
(LCHAI) of the Ministry of agriculture

SAKI Suomion Justin, Ph.D.

He is Assistant Professor at the Laboratory of Biochemistry and Food
Science (BSA) in the UFR Biosciences of the University of Felix
Houphouet-Boigny, 22 BP 582 Abidjan 22, Cote d’Ivoire

Copyright © 2014 IJAIR, All right reserved
395



International Journal of Agriculture Innovations and Research
Il AI n Volume 3, Issue 2, ISSN (Online) 2319-1473
KOUADIO Ahou Irene, Ph.D. BIEGO Godi Henri Maius, Ph.D.
She is Lecturer since July 2014 at the Laboratory of Biochemistry and ~ He is Lecturer at the Laboratory of Biochemistry and Food Science
Food Science (BSA) in the UFR Biosciences of the University of Felix (BSA) in the UFR Biosciences of the University of Felix Houphouet-
Houphouet-Boigny, 22 BP 582 Abidjan 22, Cote d’Ivoire Boigny, 22 BP 582 Abidjan 22, Cote d’Ivoire.

ATSE Boua Célestin, Ph.D.

He is Professor in Aquaculture and Fisheries Resources at the
Oceanological Research Center in Abidjan, BPV 18 Abidjan, Cote
d’Ivoire. Corresponding Author: atse_boua_celestin@hotmail.com

Table 1: Heavy metal content in different organs of Skipjack tuna Katsuwonus pelamis (ug/kg wet weight, n = 96)

Métaux  Muscle Liver Kidney Brain Gonads Gills

He 19925437 88>  266.12445.84°  216.81449.30° 186.12464.42° 5832+16.36" 474.81£63.15°
Pb 133.87422.08° 531.474105.60° 32037458710 507-94£119.56° 150.56+17.13" 351.25+40.22°
cd 1494£3.99°  28.19411.02° 21674745  1567#448°  00242.38"  49.06+12.64°

The data are expressed on average + standard deviation. Hg = mercury; Pb = lead; Cd = cadmium.
The different letters a, b, ¢, d on the same line indicate significant differences at p < 0.05

Table 2: Heavy metal content in different organs of yellowfin tuna Thunnus albacares (ug/kg wet weight, n = 264)

Métaux  Muscle Liver Kidney Brain Gonads Gills

He 180.53446.43° 169.41439.06°  260.37473.04° 174.77£57.99° 38.09+10.03" 440.34+105.24°
Pb 112.28431.17° 277.38+58.04°  285.22432.04° 295-99490.03° S131£I7.11% 278.05+45.80°
cd 13.9243.83  186.86+5330°  14.4747.61°  1441:581" 10461393  50.55£18.53"

The data are expressed on average + standard deviation. Hg = mercury; Pb = lead; Cd = cadmium.
The different letters a, b, ¢, d on the same line indicate significant differences at p < 0.05

Table 3: Heavy metal content in different organs of tuna bigeye tuna Thunnus obesus (ug/kg wet weight, n = 90)

Métaux  Muscle Liver Kidney Brain Gonads Gills

He 526.07464 86°  185.53442.85° 201 13448 gg™ 162.53+31.08° 468722055  475.93x118.08
Pb 156.60432.84° 341 13£53.14° 322533468 80° 882.33+196.42¢ 209.87+32.29* 340.87+51.73¢
cd 8794683 276.13457.01° 14474761  1206:602° 604263  40.40+17.43°

The data are expressed on average + standard deviation. Hg = mercury; Pb = lead; Cd = cadmium.
The different letters a, b, ¢, d on the same line indicate significant differences at p < 0.05

500 -

450 H Katsuwonus pelamis
400 - [ H Thunnus albacares
350 Thunnus obesus

Hg Pb cd

Fig.1. Average heavy metal content in the three species of tuna Katsuwonus pelamis, Thunnus albacares and Thunnus
obesus collected from fish landing Port of Abidjan, Cote d’Ivoire (concentration in pg/kg wet weight)
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