
Pertanika 1. Sci. & Techno!. 13(2): 249 - 256 (2005)
ISSN: 0128-7680

© Universiti Putra Malaysia Press

Bioaccumulation of Carbofuran and Endosulfan
in the Mrican Catfish Clarias gariepinus

tIsam Eldin Mohamed Abu Zeid, Mohd Arif Syed, Johari Ramli, Juzu Hayati
Arshad, Ismail Omar & oNor Aripin Shamaan

tCollege of Applied and Industrial Sciences
University ofJuba, p.o. Box 321/1

Khartoum, Sudan
Department of Biochemistry

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia

Received: 13 October 2003

ABSTRAK

Ikan keli Afrika Clarias gariepinus, telah didedahkan kepada dos submaut 14e­
carbofuran dan 14G-endosulfan. Selepas tempoh pendedahan 1, 6, 12, 24, 72
dan 144 jam, ikan dibunuh dan sisa racun tersebut ditentukan dalam
hepatopankreas, usus, insang, otak dan otot skelet. Paras tertinggi sisa racun
serangga tersebut (per g berat kering tisu) didapati dalam hepatopankreas
«354 ± 6 Jlg carbofuran dan 1409 ± 43 ng endosulfan selepas 24 jam), diikuti
usus (239 ± 1 Jlg carbofuran dan 1147 ± 21 ng endosulfan selepas 72 jam),
insang (108 ± 2 Jlg carbofuran dan 817 ± 19 ng endosulfan selepas 24 jam),
otak (57 ± 2 Jlg carbofuran selepas 24 jam, 555 ± 19 ng endosulfan selepas 72
jam) dan otot skelet (25 ± 1 Jlg carbofuran selepas 144 jam, 364 ± 13 ng
endosulfan selepas 6 jam). Bermula pada pendedahan selepas 1 jam, paras sisa
carbofuran dan endosulfan meningkat dengan pantas ke paras tertinggi pada
masa yang berbeza dalam tisu berkenaan selepas 6 jam pendedahan. Selepas
sisa carbofuran dan endosulfan meningkat ke paras maksimum dalam semua
tisu tersebut, ia menurun mengikut masa.

ABSTRACT

The African catfish Clarias gariepjnus was exposed to a sublethal dose of 14e­
carbofuran and 14G-endosulfan. Mter 1, 6, 12, 24, 72 and 144 h, the fish were
removed and insecticide residues determined in the liver, intestines, gills, brain
and skeletal muscles. Highest levels of residues, per g dry weight of tissues, was
found in the liver (354 ± 6 Jlg carbofuran and 1409 ± 43 ng endosulfan after
24 h) followed by the intestines (239 ± 1 Jlg carbofuran and 1147 ± 21 ng
endosulfan after 72 h), the gills (108 ± 2 Jlg carbofuran and 817 ± 19 ng
endosulfan after 24 h), brain (57 ± 2 Jlg carbofuran after 24 h, 555 ± 19 ng
endosulfan after 72 h) and skeletal muscle (25 ± 1 Jlg carbofuran after 144 h
and 364 ± 13 ng endosulfan after 6 h). The residue levels were rapidly
accumulated in the tissues. Based on the levels of pesticide residues after 1 h,
all the tissues recorded very high levels of residues after 6 h. Mter reaching
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maximum levels in the tissues at various times of exposure, the residue levels
in all the tissues began to decrease over time.
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INTRODUCTION

The applications of the insecticides carbofuran and endosulfan in rice fields as
pest control had resulted in increased fatalities of freshwater fishes which is an
important source of protein for rice growers and also as their economic
subsistence (Liong et ai. 1988). The rice field freshwater fishes had been
reported to be sensitive to the insecticides as shown by the low LCso values of
the insecticides.

Currently, most of the data on bioaccumulative studies of pesticides in the
Mrican catfish, Clanas ganepinus, have been obtained from field studies while
in the present study, the work was done under controlled laboratory conditions
and juvenile fish of the same age and body weight was selected.

It was reported that following endosulfan application for testse fly control in
Botswana, an increased fatality in freshwater fish was observed and endosulfan
residues were detected in the tissues (Mathiessen et al. 1982). This is an
example of non-target organism being affected by applications of insecticides in
vector control. High concentration of pesticide residues was detected in the
liver of the indigenous fish sampled for the study followed by the intestines,
gills, brain and skeletal muscles (Heath 1992). The pesticide residues were
rapidly absorbed into the body through the gills of freshwater fish species
(Lloyd 1992) and accumulated in the various organs, sometimes bioconcentrated
by as much as 2000-fold over the concentration of the residue in the water
(Devi et ai. 1981). The liver has been shown to be the major organ for the
metabolism of the residues in fish (Peterson and Bately 1993).

Due to the high toxicity of carbofuran and endosulfan to freshwater fish, a
study was carried out to investigate the cause of toxicity in the Mrican catfish,
Clanas ganepinus, with particular emphasis on bioaccumulation of the residues
in the tissues of the fish. We report on work done on the bioaccumulation of
two insecticides, carbofuran and endosulfan, in the Mrican catfish, Clanas
ganepinus.

MATERIALS AND METHODS

Technical grade carbofuran (99.1% purity) and endosulfan (99.3% purity)
were purchased from Ehrenstorfer GmbH Co., Germany. Labelled 14Gcarbofuran
and HC- endosulfan were supplied by the International Atomic Energy Agency,
Vienna, Austria. The insecticides were initially dissolved in acetone and then
serially diluted in water prior to application. All other chemicals and reagents
used were of the highest purity commercially available.

Juvenile African catfish Glanas ganepinus, (14 ± 2 cm length, 30 ± 2 g body
weight) were reared in the university hatchery. The fishes were initially
acclimatised for 14 days in glass aquaria containing 25 L dechlorinated water at
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ambient temperature of 29°C, pH 7.5-7.9, dissolved oxygen 5.6-7.8 mg/L and
ammonia 0.4-1.4 mg/L and fed commercial fish pellet ad libitum before testing.
These conditions were maintained throughout testing. The fish were starved for
24 h prior to exposure to the insecticides and throughout the test period to
avoid prandial effects.

To the water in the test aquaria, 0.1 mL (10 ,uCi) ring-labelled 14C-carbofuran
and 0.18 mL (10 ,uCi) ring-labelled 14C-endosulfan were added and shaken to
uniformly distribute the pesticides. The carbofuran and endosulfan
concentrations were maintained at 5.2 mg/L and 10.8 ,ug/L, respectively. These
values were 50% of the LC50 (96h) for carbofuran and endosulfan estimated
previously in our laboratory (unpublished data). The fishes were then placed in
the aquaria and three fishes were subsequently removed after 1, 6, 12, 24, 72
and 144 h.

Mter removal, the fishes were immediately rinsed in distilled water to
remove surface insecticide residue. The fishes were then sacrificed with a single
blow on the head and the liver, gills, brain, skeletal muscle and intestines
immediately excised, weighed and analyzed. The excised organs were oven
dried at 45°C over 24 h and the dry weight determined. Subsequently, 0.1 g
dried organ was then combusted in a biological oxidiser at 900°C and the
labelled CO2released trapped in 10 mL Harvey cocktail. Radioactive carbon was
determined by liquid scintillation.

RESULTS

Fig. 1 shows the distribution of the insecticide residues in fish organs after the
14C02 counts were converted into actual amount of insecticide per dry weight
of the organ.

Juvenile Mrican catfish generally seemed to accumulate carbofuran and
endosulfan very rapidly. Mter 1 h exposure, there were considerable amounts
of insecticide residues in the selected tissues. The residue concentrations were
markedly elevated after 6 h exposure and these levels were maintained for the
test period.

Bioaccumulation of carbofuran in the tissues reached a maximum in the
liver, gills and brain after 24 h, intestines after 72 h and skeletal muscle after
144 h. Carbofuran residues were found to accumulate in the liver, intestines,
gills, brain and skeletal muscle, in descending order, at any given time.

Endosulfan accumulation in the tissues of the Mrican catfish reached a
maximum in the liver and gills after 24 h, intestines and brain after 72 h, and
skeletal muscle after 6 h. Surprisingly, accumulation of endosulfan was more
rapid in the skeletal muscle than carbofuran.

An interesting observation were the high levels of carbofuran and endosulfan
residues located in the organs after 6 h, which showed the insecticides were
rapidly absorbed and distributed to the organs.
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Fig. 1: Levels of carbofuran and endosulfan residues in selected tissues of the African
catfish over time. Values shown are mean ± standard deviation. Values for

carbofuran are J1g carbofuran per g dry weight of tissue; endosulfan,
J1g endosulfan per g dry weight tissue

DISCUSSION

It is evident from the present study that Clanas ganepinus can bioaccumulate
carbofuran and endosulfan to elevated levels in the tissues and that the
distribution of these pesticides is different from one tissue to the other.
Generally, the liver contained the highest levels of pesticide residues while the
skeletal muscle contained the lowest amount of pesticide residues.
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Heath (1992) reported that pesticide residues were determined in tissues of
several freshwater fish species caught in two rivers in South Africa. Of the
species caught, the Mrican catfish was suggested as an indicator species for
pollution due to the high concentrations of residues found in the fish compared
with the other species. Grobler (1994) and Siwela et al. (1996) detected and
measured pesticide residues in the catfish caught in the Olifants river, South
Africa and dams in Zimbabwe, respectively. They found that the catfish contained
elevated levels of pesticide residues compared with other freshwater fish species
caught in the study.

Bioaccumulation of carbofuran and endosulfan in tissues had been
demonstrated in several other species of fish (Berbert et at. 1989; Ferrando et
al. 1992; Kale et at. 1996; Singh and Garg 1992). Of the tissues analysed for
residues, the liver contained the highest level of carbofuran and endosulfan
residues followed by the intestines, gills, brain and skeletal muscle. The liver
and gills of Clarias gariepinus caught in the Olifants river, South Africa, were also
found to accumulate high levels of heavy metals (Du Preez et al. 1997). The
freshwater fish Oreochromis mossambicus, showed tissue selective bioaccumulation
of cadmium with the liver and kidney being high accumulators while the gills,
intestines and scales contained low levels of the metal (Rani 2000). The
findings obtained in the present study are consistent with the liver and gills as
the major organs for accumulation and metabolism of pesticides. The tissue
distribution of carbofuran and endosulfan in Clarias gariepinus could be attributed
to differential mechanism of binding and regulation, as shown for cadmium
and zinc, in the green-lipped mussel, Perna viridis (Yap et al. 2003).

Endosulfan had been found to be metabolised in fish liver (Devi et at. 1981;
Rao and Murty 1980), by oxidation reactions and conjugation with sulphate,
glucuronate and bile salts (Mathiessen et al. 1982; Peterson and Bately 1993).
In the present work, after reaching the maximum level of accumulation, the
level of both carbofuran and endosulfan in the liver was observed to decrease,
indicating possible metabolism, excretion and elimination of the insecticides.
This is supported by Toledo and Jonsson (1992) who worked on the
bioaccumulation and elimination of endosulfan in the Zebra fish. In the other
tissues, the residue levels were also slightly decreased.

The gills had been shown to be the major organ for the uptake of pollutants
in freshwater fishes (Lloyd 1992). Since the fish were not given any food 24 h
before and throughout the test period, uptake and accumulation of residues by
feeding could be ruled out. Therefore, the major uptake of carbofuran and
endosulfan into tissues was through the gills, consistent with the work of
Takimoto and Miyamoto (1976). It had also been reported that freshwater fish
can bioconcentrate endosulfan over 2000-fold the concentration of the insecticide
in the water (Devi et al. 1981).

The rapid bioaccumulation of carbofuran and endosulfan residues in the
brain and skeletal muscles of the African catfish gives rise to concern. Within
6 h of exposure, both the brain and skeletal muscle of the catfish contained at
least 4-fold the initial level of insecticide residues. Since both carbofuran and
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endosulfan had been shown to be highly toxic to freshwater fishes, the rapid
absorption of the insecticides in these tissues could possibly provide an
explanation as to why freshwater fishes are highly susceptible to the toxic effect
of carbofuran and endosulfan.

Both carbofuran and endosulfan had been shown to induce biochemical
changes in fish. Induction of cytochrome P450 oxidases, glutathione S-transferase
and amino acid transaminases had been reported (Arnold et al. 1995; Rodriguez­
Ariza et al. 1993; Trotter 1991; Verma et al. 1981). Since both insecticides are
anti-eholinesterases, inhibition of the enzyme had also been documented
(Gupta and Gupta 1971; Gupta 1994). Thus, the freshwater fish is sensitive to
the insecticides used in the present study.

In conclusion, the data obtained in the study reveals that the African catfish
is able to accumulate carbofuran and endosulfan rapidly with the liver and
intestines being the major tissues for bioaccumulation. The gills provided the
major uptake tissues for the African catfish. The distribution of the residues in
the selected tissues reveal tissue selective bioaccumulation and could contribute
to the possible cause of susceptibility of the fish to the toxic effect of the
insecticides. Finally, the potential use of Clanas ganepinus for biomonitoring of
carbofuran and endosulfan is suggested although its use should be verified by
field and depuration studies done under laboratory conditions.
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