
LINDANE RESIDUES IN FISH INHABITING NIGERIAN RIVERS

G.U. OKEREKE 11I111IU1I
Biotechnology Research Centre, Nnamdi Azikiwe University, XA9743724
Awka, Anambra State, Nigeria

J.CHIDODBEM
Enugu State University of Science and Techonology,
Enugu, Enugu State, Nigeria

Y. DJE
Department of Food and Technology and Science, University of Tennesse,
Knoxville, Tennessee United States of America

Abstract

Analysis for residues of lindane in fish collected from various rivers close to rice agroecosystems
showed that the concentrations of lindane ranged from none detectable to 3.4 mg kg"1. Fish from rivers where
strict regulations prohibits its use had no detectable lindane residues while appreciable amounts of lindane were
found in fish where such restriction was not enforced with the variation attributed to the extent of use of lindane
in the area of contamination. The investigation confirms that the use of lindane in rice production in Nigeria can
cause the contamination of fish in nearby rivers.

1. INTRODUCTION

Pesticides have benefitted man by reducing loss and increasing food production, but
unfortunately have been a major source of pollution to fish [1, 2]. Lindane residues can be
stored in tissues of birds, and mammals including man [3] and can cause death to organisms
at the end of the food chain [4]. Pollution of the environment and its effects on the health of
man, animals, fish, wildlife and the ecosystem in general have become a subject of
concern[5]. Broad conclusions regarding lindane levels can be drawn from comparison of
their distribution in biological materials from a given area. Because of the widespread
distribution of fish, their opportunity for exposure to pesticides applied in rice
agroecosystems, their role in Nigerian economy and their importance in the web of life, fish
was chosen as a logical organism for monitoring lindane residues.

Reports show that the use of pesticides requires close monitoring of the effects on
non-target organisms especially on the economically important fishery resources in rivers
close to farm lands (6). In developed countries in the temperate regions there is a continous
effort to monitor pesticide residues in air, water, soil, man, wildlife and fish. On the other
hand, the effects of pesticide residues on non-target organisms in Nigerian agriculture and its
environment is still speculative because of a lack of quantitative data. The purpose of the
present study was to monitor certain rivers in Anambra State to evaluate the level of lindane
contamination in fish.

2. EXPERIMENTAL

2.1. Sample collection and storage

In 1991, fish samples of different species were collected from different rivers close to
rice fields that were suspected to have received lindane applications (Table 1). Fish from
locations thought to be untreated were also collected. The fish were collected from the river
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with a cast net and transported to the laboratory in ice buckets where they were sorted out into
species, wrapped in aluminum foil and frozen until analysed.

2.2. Sample preparation, extraction and clean-up

Each frozen fish sample was ground and homogenized in a meat grinder. Samples
(20 g) of the homogenized fish were blended and mixed with anhydrous sodium sulphate
(80 g). The pesticide was extracted for 1 hour in a screw-capped jar with acetone + hexane
(1+1 by volume, 200 mL). After tumbling, the solids were allowed to settle and the solvent
extract filtered into a separating funnel containing sodium sulphate solution (20 gL"1,
200 mL) and shaken for about one minute. The lower aqueous layer was discarded and the
hexane extract washed twice more with sodium sulphate solution (20 gL'1, 50 mL).
Quadruple hexane extracts were combined and evaporated to about lOmL and then

Table 1. Residues of lindane found in fish caught at the sampling stations in Anambra State,
Nigeria

River

Ani

Ozzi

Ozalla

Omoh

Anambra

Nkissi

Location

Ufumaa)

Enuguaboa)

Oyib)

Oyib)

Oyib)

Onitshac)

Fish species

Heterotis niloticus"0

Clarias zariepinus''
Heterobranchus bidorsalis**
Oreochromia niloticus**
Heterotis niloticus
Clarias zariepinus
Heterobranchus bidorsalis
Oreochromia niloticus
Heterotis niloticus
Clarias zariepinus
Heterobranchus bidorsalis
Heterotis niloticus
Clarias zariepinus
Oreochromia niloticus
Heterotis niloticus
Clarias zariepinus
Heterobranchus bidorsalis
Oreochromia niloticus
Heterotis niloticus
Cyprinus carpioh>

Heterobranchus niloticus

Lindane
residues,
mgkg1

ND°
ND
ND
ND
ND
ND
ND
ND
<1 J )

<1
<1
<1
<1
<1
3.1
2.1
3.1
2.2
3.4
1.9
2.0

Local Government area : Local name : d) African boy tongue (Okpo)
a) Orumba North
b)Oyi
c) Onitsha

i) none detectable
j) detectable, but not quantifiable

e) Mudfish
f) Catfish (Azu isi)
g) Tilapia (Dcpokpo)
h)Carp
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transferred into vials and evaporated using a N2 sparge. The residue was redissolved in
hexane (2mL). This extract was passed through a column containing Florisil to remove non-
pesticidal extracts by the procedure reported previously [7].

2.3. Gas chromatographic analysis

The hexane extracts were analysed by gas chromatography at the Department of Food
Technology and Science, University of Tennesse, Knoxville, USA using a Shimadzu 9 AM;
column: 30 m x 0.25 mm i.d. SPB-5 fused silica column (Supelco Inc. Belanfonte, PA);
temperatures : column, 70°C for 1.5min, increased to 200°C at 10°C min"' and then to 240°C
for 20 min; injector, 250°C; detector, 25O°C; carrier gas, helium; flowrate, 2 mL min"1;
detector, 63Ni electron capture interfaced with a Shimadzu QP 1000 mass spectrometer. At
the beginning of the analysis each day, several consecutive injections were done to prime the
column [8].

3. RESULTS AND DISCUSSION

3.1. Questionnaire survey of lindane use in Anambra State

The preliminary questionnaire survey involved extensive visits and interviews with
officials of the State Ministry of Agricultural Development Agencies, Pest Control
Department, Office of Statistics as well as on-the-spot interviews of rice farmers in various
locations in Anambra State, Nigeria. The survey revealed that there was no information on
the occurrence, distribution, present usage, effects and the impact of lindane in the rice
agroecosystem in Nigeria. It was observed that lindane, commonly called gammalin, is still
sold in local markets even though the Federal Government of Nigeria has banned its use.
Farmers still use it for pest control in various crops and also for killing fish. In some areas
the Government ban is strictly observed while, in most other areas, farmers use it for pest
control because it is effective and relatively cheap compared with other pesticides. The
unavailability of authentic data on the usage and distribution of lindane in Nigeria as
evidenced by our survey, justified the collection of fish from various rivers close to rice
growing areas to begin the collection of baseline data of lindane residue levels in fish.

3.2. Lindane residues in fish

Comparison of lindane residues in fish from different rivers show that Anambra and
Nkissi rivers were more exposed to pesticide contamination than the other rivers (Table 1)
with the residues in fish ranging from none detectable to 3.4 mg kg"1. Only small amounts of
lindane were detected in fish from the Omoh and Ozalla rivers and no detectable residues in
the fish from the Ani and Ozzi rivers. The absence of lindane residues in fish collected from
the Ani and Ozzi rivers reflects the strong restrictions on the use of lindane for farming and
fishing in these areas, while the low level of lindane found in fish from the Omoh and Ozalla
rivers indicate that only small amounts of lindane, that is applied to the rice in this area,
entered the rivers. These low levels of lindane are comparable to those found in areas
subjected only to airbone contamination [9]. Such levels may not be harmless since it has
been reported that DDT at low levels can interfere with the reproduction of certain fish
species [2].

Fish obtained from Anambra and Nkissi river contained appreciable amounts of
lindane probably because the river flowed through areas where lindane was frequently used
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by farmers. Reports show that under certain conditions pesticide residues arising from
normal agricultural use may contribute to diffuse (non-point) pollution of the aquatic
environment [11]. In an experiment in Zimbabwe, all the fish sampled contained insecticide
residues ranging from O.O55mg kg"1 in the liver of living species up to 5. lmg kg"1 in the liver
of dead specimens, the latter presumably being the cause of death [12]. Individual fish vary
in residue levels and this can be attributed to differences in fish movement, size, food habits
and fat content [13]. Other field and laboratory studies showing vast differences in residue
levels in fish have also been reported in Wisconsin [14]. Although a very limited number of
fish samples were collected in this study, when present the levels of lindane were similar to
those found in fish in the midwest of the USA, where total pesticide residue of 2.10 (igg '

were recorded [15] but higher than those in Utah where only 0.05-0.096 Hgg of
organochlorine residue was detected [16]. Because some fish continue to accumulate
residues over a period of years, the levels observed in the fish from the Nkissi and Anambra
rivers reflect the integrated history of exposure. Interviews with villagers indicate a direct
contamination as the farmers in the Oyi Local Government areas, where Anambra and Nkissi
rivers flow through, reported non-restricted use of the lindane in agriculture and in fish
farming.

4. CONCLUSION

In the rivers studied, the extent of contamination of fish by lindane varied. Lindane
which was found in fish collected from the Anambra, Nkissi and Ozalla rivers that may have
originated from run-off from the rice fields or from direct contamination of the rivers by
fishermen. The considerable variation in lindane residue levels in different fish samples,
could be caused by variation of fish movement, food habits, species size, age and fat content.
Because of these variations, there should be caution in interpretation and application of these
data.

ACKNOWLEDGEMENTS

We wish to thank the International Atomic Energy Agency, Vienna and Swedish
International Development Agency for providing the fund to support this study under the
Coordinated Research Project on Adverse Effect on Flora and Fauna from the use of
Organochlorine Pesticides in African Continent, IAEA Research Contract No. 6585 SD.

REFERENCES

[1 INGLIS, A., HENDERSON, C , JOHNSON, W.L., Expanded program for pesticide
monitoring of fish, Monitoring Journal 5 (1) (1971) 47-49.

[2 ] JOHNSON, D.W., Pesticides in fish: a review of selected literature, Trans. Amer.
Fish. Soc. 97 (1968) 398-424.

[3 ] EDWARDS, C.A., Environmental pollution by pesticides. Plenum Press, London.
(1973).

[4] AN de WAERDT, J., Drins and related insecticides: toxicology, use and alternatives
with special reference to Latin America and South East Asia, Econoscript 23 (1983)
1-176.

[5] KLASSES, H.E., KADDOUM, A.M., Pesticide residues in natural fish population of
the Smoky River of Western Kansas, 1967-69. Pesticide Monit. J. 7 (1973) 53-61.

138



[6] ANTWI, L.A.E., "Studies on the effect of some insecticides on the brain
actylcholinosterase activity of Tilapia zilli in two treated tropical rivers", Pesticides,
Food and Environmental Implications. IAEA, Vienna 247-256.

[7] MELTON, S.L., "Pesticide report on Bush Brothers and Company, Vegetables,
October 1, 1990 - October30, 1991", Chemical fall out 2nd Edition (Muller, N.W.,
Berg. G.G., Eds) Thomas, C.C. Illinois USA (1991) 119.

[8] WANDIGA, S.O., MUTERE, A., Determination of y-BHC in breast milk of Kenyan
women., Bull. Chem. Soc. Ethiop.2 (1988) 39-44.

[9] SODERGREN, A., Transport, distribution and degradation of organochlorine residue
in a south Swedish lake ecosystem, Vatten (1973) 108-290.

[10] SODERGREN, A., DSIRARAI, R., CHARIBZADEU N., MOIMPOUR, A.,
Organochlorine residues in aquatic environments in Iran, Pest Moni J. 12 (1978) 81-
and87.

[11] KREUGER, J.K., BRINK, N., Losses of pesticides from agriculture, Pesticides: Food
Environmental Implications IAEA, Vienna (1988) 101-112.

[12] MULLER, P., Effects of pesticides on flora and fauna, Pesticides: Food and
Environmental Implications. IAEA, Vienna (1988) 11-27.

[13] HENDERSON, C , JOHNSON, W.L., IGLIS, A., Organochlorine insecticide residues
in fish (National Pesticides Monitoring Program). Pest. Mon. J. 3 (1969) 145-171.

[14] KLWINWER, A.J. DEGURSE, P.E., WIRTH, T.L., Occurrence and significance of
DDT and dieldrin residues in Wisconsin fish, Tech Bull (1968) 41- 43. Dept of
Natural Resources, Madison, Wisconsin.

[15] HENDERSON, C , INGLIS, A., JOHNSON W.L., Organochlorine insecticide residue
in fish. National Pesticide Monitoring Program, Pesticides Mon. J. 5 1971).

[16] HAW, J.S., LOVERRIDGE, E.L. RJPPEE, K.P., PETERSON, J.L., WHITE, D.A.,
BARTON, J.R., FUHRIMAN, D.K., Seasonal variations in residues of chlorinated
hydrocarbon pesticides in the water of the Utah lake drainage system, 1970-1971. Pest
Mon. J. 6(1972) 167-170.

NEXT PAQE(S) I


